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SPECIALISED ATTENTION 


‘* Dear Sirs, 


For the past ten years we have obtained the castings for our . 
Much of our customers’ satisfaction is 
the result, we believe, of the specialised 
grained structure with freedom from porosity are essentials attention given by every department 
to our product, and are the basis of a precision tool. The throughout every stage of production. 


, , ; In addition, Birmal offer you a Design 
high standard of finish which we are able to obtain has been | Consulting Service, unbiassed assist- 


. extremely satisfactory to ourselves and our customers in all ance in selecting alloy and casting 
parts of the world.” process, and a wide choice of specifi- 


cation. All of which extra facilities 
METALLISATION LIMITED are part of the Birmal Service. 


YOU GET MORE THAN A CASTING FROM <i: 
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nN nesgeronnie CAST ING Oe CO. LTD. BIRMID WORKS - SMETHWICK - BIRMINGHAM 40, 
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POWER, POWER FACTOR & REACTIVE kVA 


can now be determined 
by means of— 













powER FACTOR 
&WATTAGE UNIT 








7 his new, simple to use Unit 





can replace Dynamometer 
Wattmeters and Power Factor 


Metersin those instances where: 


I. Checks have to be made on single, two or three 
phase, balanced or unbalanced loads. 


2. The purchase of costly test gear cannot be justified. This one Accessory, used in 


3. The use of a dynamometer is not essential. connection with its AvoMeter, 
will cover an enormous range 


4. It is inconvenient to transport heavy test gear. of wattage readings hitherto 

















5. Very low readings are required, which cannot be necessitating the use of 
obtained upon a convential Wattmeter. several expensive instruments. 
Power Factor readings from unity to zero, and Watt- The Unit will only operate with a 
age readings from below 1 Watt to any upper limit Model ‘7’ or a Model ‘40’ Avo- UNIT COMPLETE 
(provided that suitable current transformers are Meter fitted with sockets marked 
available) can be taken upon single, two or three “P.F.” For some time past, instru- L1IO 
phase, balanced or unbalanced A.C. circuits from ments leaving the factory have been An A 
100—450 volts, provided that the normal sinusoidal fitted with these sockets, but earlier rl gy fy 4 
waveform is present. The unit will determine the models not so fitted can be modified Unit can be supplied 
reactive kVA required to produce any degree of power by us for £3:5:0, plus the cost of at £3:0:0 
factor improvement from 0°3 on inductive loads. any repairs, should they be y: 

The Unit, which is the same size as the AvoMeter, weighs 3} Ibs. When ordering please state 
whether the Unit is required 
. a for use with a Model ‘7’ ora 

@ Write for fully descriptive leaflet Model ‘40’ AvoMeter. 








THE AUTOMATIC COIL WINDER & ELECTRICA QUIPMENT CO. LTD. 
WINDER HOUSE DOUGLAS STREET - LONDON SW.! ECCGIAOCHE VICtoria 3404—9 ei 














cn OPT tee = Ay a 








eee 


The Institution of Production Engineers Journal v 


what have these parts in common? 
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“On the wrong foot again, old boy. 


°° 


When will you learn... ! 





| ‘When I’ve been at it as long as you — 


| might make a better showing.” 
** Don’t sound so glum — 


you’ ve taught me one thing— 


and I’m your humble servant.” 


“Ah! back to M. & C. Service — 


” 


my ‘ coup de grace’. 


** Never a moment’s worry! On your Guard! ” 
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@ Faster and Cheaper— 
you roll at turning speeds 


No speed changes for threading on capstans 


and automatics. Once the Head is set it will 


WE Thread 
ROLLING 
heads 


produce a great length of thread without 






attention. This saves stopping the machine for 







re-setting and changing chasers as on die-heads. 






Regrinding of chasers is also avoided. 


itll pay you 
to investigate ! 


MSE WF THREAD ROLLING HEADS BRING THESE EXTRA ADVANTAGES— 
@ Threads are accurate and have a better burnished finish. 

@ They ore stronger and have a harder surface due to cold working and favourable grain flow. 

@ Satisfactory threads can be produced without trouble on “difficult” or “un-machinable” materials. 


@ Fixed anc rotating types are available for use on lathes, capstans, automatics, screwing machines and 
drilling machines. 


Write for details or demonstration ! 


MACHINE SHOP EQUIPMENT LTD., Spenser Street, London, S.W.| 
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. hew in design, but incorporating already 
established features of B.S.A. centreless grinding 
machine construction, proved successful through many years 
of application in its predecessors. Refined technically and 
re-styled externally the new B.S.A. No. 4 centreless grinding 
machine is presented with a confidence in its prowess 
that is fully justified by our acknowledged ex- 
perience in design and manufacture. 





B.S.A. TOOLS LIMITED BIRMINGHAM ENGLAND 


SOLE AGENTS GT. BRITAIN, BURTON GRIFFITHS & CO., LTD., KITTS GREEN, BIRMINGHAM, 33 
EE SK me 000000000) LLL 


When replying to advertisements please mention the Journal 
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GROOVED PINS 


Mills Grooved Pins have proved themselves efficient and economical in 
over a hundred different types of industry, and are being used in increasing 
numbers. Made in twelve different types they eliminate reamering and 
tapping, are easy to fit, and will not vibrate loose. 


Safe — Simple — Satistactory ORULL & DRIVE HOME/ 


EXORS. OF JAMES MILLS LTD. 


BREDBURY STEEL WORKS 
WOODLEY: NEAR STOCKPORT - ENGLAND 
Telephone: WOODLEY 2231 (10 lines) Telegram: “MILLS” PHONE WOODLEY 
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Write for 

a copy of *‘ The 
Specification of Meehanite 
Metal ”’ 

MS109A 

to any of the 

Mechanite Foundries 


THE 


MEEHANITE METAL FOUNDRIES AT YOUR SERVICE 


Goulds Foundries Limited. Cardiff and Newport, Mon. 
John Harper (Meehanite) Limited. Willenhall, Staffs. 
G. M. Hay and Company Limited. Glasgow. 

C. A. Parsons and Company Ltd. Newcastle-on-Tyne, 6 
Qualcast (Ealing Park) Ltd. London, W.5. 

Richards Foundries Limited. Leicester. 

Southern Foundries Ltd. Waddon, Croydon, Surrey. 
Winget Limited. Rochester. 

Ashmore, Benson Pease and Co. Stockton-on-Tees. 
The Butterley Company Limited. Ripley, Derby. 
Cameron and Roberton Limited. Kirkintilloch. 


Carmichael Bros. Limited. Nile Street, South Shields. 


INTERNATIONAL MEEHANITE METAL COMPANY LIMITED 


66 VICTORIA STREET, LONDON, S.W.1. Telephone: ViCtoria 9921-22 Telegrams: Meerion Phone London 











The control valves of a rotary-hearth steel 
furnace must have maximum pressure- 
tightness and wear-resistance in every 
casting. Hence the selection of Meehanite 
Metal castings. Their outstanding consist- 
ency springs from the close control exercised 
throughout the Meehanite Metal process 


THIS CASTING 


is for one of a wide range of British-made 
VICKERS-DETROIT Hydraulic Control 
Valves manufactured by Stein & 
Atkinson Ltd, who supplied the 
furnace and hydraulics shown above, 
installed by Messrs. Arthur Lee & 
Sons, Ltd. The hydraulics control 
charging, discharging, hearth-rota- 
tion, door operation, quenching and 
allied motions. Working pressures 
are up to 1,000 lbs. per square inch. 


For uniformly good castings, consult a 


Meehanite Foundry. 
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Vital 
to contin- 
uous production 
in almost every phase 
of engineering, these five 
Unbrako standard screw 
products are always available 
from Unbrako Distributors through- 
out the world in a wide range of sizes 
and threads. 

Made to the exacting quality specification of 
the world’s largest specialist screw manufacturers 






SOCKET SCREW co. LTD 


ENGLAND 








SPECIA 
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YHARD | 


|Machining 
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BMachining time : 28 seconds 
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SPECIAL ALUMINIUM ALLOY 


Machining time : Ist op. 24 seconds 


HARD RUBBER (EBONITE) 


IBRASS 


Machining time : Ist op. 15 seconds 











2nd op. 2! seconds 
3rd op. 19 seconds 
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2nd op. 13 seconds 


fine machining-fast F B () SA 


Turning & thread chasing machine 


SIDNEY JONES 


Write for full details and demonstration to sole agents for the U.K. 
SIDNEY G. JONES LTD., 8 BALHAM HILL, LONDON, S.W.12. BATTERSEA 3246 , 
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PRECIMAX: 
Dyes GRINDING 


AT DOWTY EQUIPMENT LIMITED 
* 


. meets all demands for fine 
tolerances and surface finish, com- 
bined with really high rates of 
output. We illustrate the grinding 
of hydraulic jack piston rods for 
aircraft, to limits of within 0.0005 
in. with a surface finish of 6 
micro-inches. 















If your work calls for precise ac- 
curacy, combined with high output, 
PRECIMAX § grinders, plain or 
universal, will meet your most 
exacting demands. 


MALHINERY 


JOHN LUND LTD., CROSSHILLS : KEIGHLEY : YORKS 


A: SA ROR 























oa 


— 


KS 

















The Institution of Production Engineers Journal 





AAAS OU 
AOS 

OA 
WV RAALY 
VO. 


Sa £3 San Ee 


BRICO WORKS, HOLBROOK LA 










xvi The Institution of Production Engineers Journal 


MAXNOVO 
DUPLIGATING ATTACHMENT 


wo FOR Swap 6 wactiNes Ma 
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W The Maxnovo Duplicating Attachment 
= rt 
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. widens the scope of shaping 
t 


/ <n ie | | 
: aT machines. It is simple to fit, and | 
| wa 

F, o| 

mm. 


aL 
? $ il 


—Lf ; ° i profiles and square shoulders 


reproduces automatically most 
\ 
(90°) where the machine 
table tilts 30°. Write 


for full details. 





@ A duplicating attachment is also available 
for use on lathes. 


MACHINE TOOL ¢ 






103 LANCASTER ROAD ~ LADBROKE GROVE - LONDON-: W.II Phone PARK 9451/2 
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LENGTH 
BARS 


SLIP GAUGE 
ACCESSORIES 


COVENTRY 


te 


Table Bay, Capetown, South Africa 


COVENTRY GAUGE 
TOOL COMPANY LTD. 


CRAFTSMANSHIP 
Supeeeme the Morld cver 


MANUFACTURERS OF 


MACHINE TOOLS -. PRECISION INSTRUMENTS & GAUGES 
PRECISION TOOLS OF ALL TYPES 


GAUGE AND TOOL CO LTO COVENTRY 
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PROFILE GRINDING — 
MACHINES 





A fifty-to-one drawing of the 
desired profile is mounted on the 
drawing table of the machine, 
and is used in conjunction with 
the pantograph system. The 
pantograph imparts a fifty-to- 
One reduction to its final arm in 
which is incorporated the pro- 
jection unit. 
Work is focussed under the 
microscope, and the tracing 
= point of the pantograph moved 
: along the drawn profile. The 
Pantograph i grinding wheel is fed manually 
ke into the work and the exact 


progress of grinding can be 








increase output in the 
up-to-date toolroom: 


























Workpiece followed in the field of the 
Grinding Wheel projection screen or microscope, 
Drawing 


These machines are currently used in the toolrooms of a host 
of important aircraft, automobile, watchmaking and general 
engineering organisations for the production of profile gauges, 
form tools, press tools and many other highly precise aids to 
production. 

Operators and managements in these works fully appreciate the 
value of the Wickman Optical Profile Grinding Machine—“The 
most helpful piece of equipment we’ve got,” says one—and 
another, ‘““We could not produce our type of work without it.” 
We would like you to meet some of these users, we think they 
would convince you. Why not let us take you round, or send 
you fuller information. 
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CIRCULAR FORM DIE GAUGE for Stator FLAT FORM TOOL 
TOOL Blade Tungsten Carbide Tip 
Grinding time 1} hours Gauge Steel From unshaped tip 
Accuracy ose 001 Rae ~ — Grinding time 80 mins. 
leon wae os 0003" Accuracy... 001” 
LONDON : BRISTOL ° BIRMINGHAM ’ MANCHESTER 
LEEDS i GLASGOW ’ NEWCASTLE ; BELFAST 
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The Finance of Production 


by S. P. CHAMBERS, C.B., C.L.E., 


Deputy Chairman, Imperial Chemical Industries, Ltd. 


RODUCTIVITY depends upon many factors. However well-managed a business may be 
productivity will be at a low level if, because of a shortage of raw materials or of markets for the 
product, the total output is limited to a small proportion of capacity. Leaving aside external factors 


of this kind, however, the three main internal factors upon which productivity depends are (a) labour. 


with the necessary skill and incentives. (b) management—also with the necessary skill and incentives, 
and (c) capital. 


Factor (a) receives a good deal of publicity and it is quite proper that much thought and effort should 
be devoted to methods of increasing both the skill of the labour force, and the incentives which they are 
given to bring out their best work. For many enterprises factor (b) may be more important than factor 
(a). In such businesses improved management can make more difference to productivity than improvement 
in the skill and the application to work of pay-roll employees. It is being recognised, rather belatedly 
perhaps, that management also needs incentives. 


But we are concerned in this article mainly with the third factor. In a well-organised business, if workers 
and management at all levels have the necessary skill and incentives, the greatest increase in productivity 
can come from improvements in factor (c), i.e. the capital equipment at the disposal of management and 
workers. 


There are many cases in which by the application of improved methods and work study, output has 
been put up to a remarkable extent, but where the output per head could be much higher still if modern 
methods and modern machinery were installed. 


If a comparison is made between British industry and American industry, it will be found that the 
amount of capital per head in American industry is on average more than twice that in British industry. 
The greater productivity per head in the United States is probably due more to this factor than to any 
other. With high rates of pay American management is constantly on the search for means of achieving 
higher production with less labour. Most labour-saving devices mean more capital. In some cases 
a revolution in methods of production can save more than half the labour force, but the price to be paid 
is more capital. 


It does not follow that with more capital, output per head goes up automatically. Indeed, there are 
examples in British industry of restrictive practices which discourage the best use of modern capital 
equipment. Efforts to improve productivity through factors (a) and (b)—labour and management—must 
not be relaxed in the belief that with better equipment higher productivity will come automatically. 


The word “capital” is used in several different senses, and there is a good deal of misunderstanding 
about the nature of real capital. Real capital consists of the buildings, plant, machinery, stocks and work 
in progress which are necessary to any manufacturing enterprise. To provide this capital equipment, the 
proprietors must, of course, put up the necessary money capital, although some part of it may be 
provided from loans, bank overdrafts, and even unpaid creditors. 


Real capital in the sense in which we are using this expression is necessary whatever the social or 
political environment in which the industry operates. It is necessary whether we have a capitalist society, 
a socialist society, or even a communist society. The differences which these different political conditions 
make are mainly in the ownership of the capital—the need for the capital is the same in all cases. 


07 





If we now ask the question, where does the money come from to provide the capital, the answer is 
that it can come only from savings. Apart from capital imported from overseas, the amount of capital 
available to the trade and industry of any country can grow only to the extent that production exceeds 
consumption. It does not follow that if production exceeds consumption, capital will always be 
formed. If the finances of a country are in a bad condition, the excess of production over consumption 
may not emerge as capital, but as over-production, leading to unemployment, which, on any appreciable 
scale, is the worst possible misuse of the country’s resources of manpower. If, however, the country’s 
finances are wisely controlled, there should be a moderate excess of production over consumption, which 
on the one hand emerges as savings out of income and, on the other, as additional capital equipment. 


For the community as a whole, there are other demands on capital which compete with industry. These 
consist mainly of private capital (houses, and other durable personal possessions) and Government capital 
(war-ships, aeroplanes, Government buildings, etc.). In practice industry gets only a modest proportion 
of the total capital available in any year. For example, in 1952, out of a total investment on fixed 
capital equipment of £m2,000, manufacturing industry took only £m625; the largest other users of 
capital were, new housing £m430; electricity, gas and water £m245; transport and communications 
£m245; and social services and administration £m135.* 


If more capital is taken by these other users of capital, less is available for manufacturing industry, 
and in recent years the restriction on capital expenditure in industry has perhaps been rather more 
effective than the restriction on other users of capital. The result has been that British industry has been 
starved of capital by comparison with American industry, although it is fair to say that from 1952 
onwards there has been an improvement. 


The savings which are the source of capital can be analysed between (a) individual saving, (b) corporate 
saving, and (c) Government saving. 


In the 19th Century and in the first quarter of the 20th Century private savings were confined almost 
entirely to the middle and upper income groups. Since then the increased scale of direct and indirect 
taxation has cut away the surplus income which individuals with moderate or large incomes had available 
for saving. There has been no increase in saving in the lower income groups. As a consequence indi- 
vidual saving has almost disappeared. It is true that the Government figures show the figure for saving 
and provisions for depreciation and stock appreciation by persons (excluding companies) as £m341, but 
it is probable that the depreciation provisions alone count for a substantial part of this figure. This 
figure also covers all personal savings made indirectly through insurance companies and pension funds, 
and there is no doubt that this method of saving accounts for practically the whole of the personal 
saving done by individuals today. Indeed, it is probable that direct savings by individuals are a minus 
quantity, i.e. the amount spent out of cavital by individuals exceeds the amount of saving. The reason 
for the concentration of personal savings in this way through insurance companies and pension funds is 
that this form of saving is the subject of special tax reliefs. Thus the very steep graduation of taxes. 
accompanied by reliefs for particular forms of saving. has resulted in a distortion of the channels of 
savings. 


One objection to this distortion is that the form of the savings is now less satisfactory for industry, and is 
particularly unsatisfactory for the small private business. In the 19th Century much of British industry 
depended upon the personal skill of individuals, backed by their own direct savings, and by the savings of 
those who knew and trusted them. The savings which are made through insurance companies and pension 
funds are not available in this direct way to small businesses. 


Saving by companies takes place, of course, by a policy of distributing less than the full profit made in 
any year. Each successive Chancellor of the Exchequer has urged Boards of Directors to exercise a 
policy of moderation and restraint in paying dividends. This pressure has been exerted for two reasons, 
one being a psychological one (the theory being that such a policy may induce pay-roll workers to 
moderate their demands for wage increases) and the other being the desire to see a restraint upon con- 
sumption, and the building up of capital resources for industry. 


The amount shown for company savings in the Government statistics** for 1952—£m1170—seems 
impressive, but the true figure of savings is much smaller. 


* Economic Survey for 1953 — CMD.8800. 
** National Income and Expenditure 1952, published by H.M. Stationery Office in August, 1952. 
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This figure includes the provisions for depreciation of fixed assets. The amount of annual depreciation 
provision necessary for the replacement of industry’s plant and equipment calculated at today’s con- 
struction costs is of the order of between £m600 and £m700, so that true savings must be very small. 


Government savings represent the excess of the amounts collected by taxation over the amounts spent. 
In theory, local Governments can save just as a central Government can, by collecting more in rates and 
taxes than they spend, but their expenditure is itself so high that this is little more than a theoretical 
possibility. One Chancellor of the Exchequer expressed the opinion that if savings by individuals and 
companies were insufficient to provide all the capital needed, both by industry and by the Government 
for its own purposes, then the Government itself must step in and make substantial savings by putting up 
taxes substantially in excess of Government expenditure. If such a course were followed, then gradually 
a growing proportion of capital would be owned by the Government, and this could hardly do other than 
lead, in the long run, to a totalitarian state, in which most of industry was owned by the State. 


British industry needs more capital, but the sources from which it gets the capital must be carefully 
watched. Individual savings need encouragement, and this can only be done by some form of tax 
reduction. Savings by companies are at the present time severely limited by the effect of the profits tax, 
which is charged over and above income tax. Here again it is better that the savings needed by 
businesses, particularly the smaller businesses, should come, as far as possible, from the proprietors them- 
selves, and this also needs encouragement by tax reductions. 


Tax reductions which are not accompanied by reductions in Government expenditure can be 
inflationary, and in the long run this can do still more damage in eating away real capital, but the 
problem which faces this country, and indeed all other countries, is to find some means of making 
Government expenditure a smaller proportion of national income, without cutting seriously into the 
expenditure on defence and social services. 


There is one way in which, without cutting Government expenditure very much, it can become a 
smaller proportion of the national product, and that is to increase productivity. In this way the amount 
spent by the Government may remain unchanged, but because of greater productivity and higher 
standards of living, this amount may become a lighter burden. So we see here the full circle from 
productivity to national income and Government expenditure, each of which reacts upon the other. If 
productivity were higher, taxes could be lower without reducing the amount of resources available for 
Government expenditure. On the other hand, if taxes were lower, more capital would be available for 
industry, and productivity could be increased. The vicious circle downwards would be higher taxes and 
lower productivity, which makes necessary still higher rates of taxation to produce the same resources 
needed to cover the country’s defence and social service requirements. The circle upwards is higher 
productivity and lower taxation, but this can only be a gradual process. The best hope for Britain at the 
present time lies probably in still greater concentration upon factors (a) and (b), with which we started, 
labour and management. If by improved methods of work and improved incentives we push up 
productivity without requiring any material increase in the capital needed, we make a very direct 
contribution towards solving the country’s problems of financing defence and social services on a reducing 
instead of an increasing burden of taxation. 








COUNCIL ELECTIONS 1954/55 


At the Annual General Meeting of the Institution held on Thursday, 28th January, 1954, the new 
Articles of Association were adopted. There are certain constitutional changes arising from the adoption 
of these Articles, and this notice is to draw your attention to a particular change in respect of elected 
members on Council. Under the new Articles there will be vacancies for 16 full Members and 2 
Associate Members. A notice calling for nominations for an election to fill these vacancies will be 
published in the May issue of the Journal. Members are referred to Articles Nos. 34 and 43 on 
pages 58 of the January, 1954, Journal. 

Members who anticipate making a nomination should first make certain that the member they wish to 
nominate is willing to serve if elected. The nomination should be accompanied by brief biographical 
notes of the candidate and a note that the candidate is willing for this information to be printed on the 
battot paper, and that he is willing to serve if elected. 
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AN INVESTIGATION INTO INDUSTRIAL 
DESIGN AND DRAWING PRACTICES IN 
NEW SOUTH WALES, AUSTRALIA 


by NO. 1 WORKING GROUP, SYDNEY SECTION, 
THE INSTITUTION OF PRODUCTION ENGINEERS 


Foreword 


This Paper gives the results of an investigation into the design and drawing 
practices of eighteen engineering organisations in New South Wales. The object 
of the investigation was to explore the possible economies to be obtained by the 
adoption of common basic engineering standards in wmdustry. The work 
incorporates the techniques of a similar project carried out by the Commonwealth 
Scientific and Industrial Research Organisation, and consists of examining the 
dimensions and tolerances placed on the detail drawings of a gear pump by the 
eighteen co-operating industrial firms. The Paper includes a study of each firm’s 
analysis of the given functioning requirements, of the limits and tolerances chosen, 
and of the drawing practices adopted in the various design offices. A notable point 
has been the use by the Group of the draft revision to B.S.164 Part I, Limits and 
Fits for Engineering, and the draft revision to B.S.308, Engineering Drawing 
Office Practice. The Group used these draft specifications partly to illustrate the 
use of @ comprehensive scheme of preferred sizes, limits and fits and drawing 
practice, and partly to test their suitability as national standards. Conclusions are 
submitted dealing with the impact of common basic engineering standards on the 
economy of Australian engineering, with the suitability of the draft revision to 
B.S.164 as a national standard and with the use of logical methods of analysing 
engineering designs as @ means to production economy in the individual “firm. 


HE Sydney Division of the Institution of 

Engineers, Australia, assisted by the Sydney 
Section of the Institution of Production Engineers and 
other co-operating organisations, held an Engineering 
Production Convention in Sydney in May, 1951, to 
investigate the structure and use of basic engineering 
standards. One of the contributions (C. A. Gladman, 
1951) which the Commonwealth Scientific and 
Industrial Research Organisation made to this Con- 
vention was an analysis of industrial design and 
drawing practice, in which the principles and giving the more important assembly, functioning 
practices used by several engineering organisations and interchangeability requirements. Each firm 
in the preparation of drawings for production were is asked to analvse the design from the 


features, but particularly for what was termed the 
design problem technique, which was used to reveal 
reliable information on design and drawing practices 
in the co-operating firms. The design problem 
technique as developed in the analysis involves cir- 
culating the drawings of a selected engineering pro- 
duct to a number of engineering firms, these drawings 
showing the assembly and the details, drawn full-size 
but not dimensioned, and accompanied by a specifica- 
tion describing the functioning of the product and 











investigated. The results of this analysis are included 
in the Proceedings of the Engineering Production 
Convention.* 

This analysis was noteworthy for a number of 


* Reprints of the analysis may be obtained on application 


to the Chief Metrology Division, National Standards 
Laboratory, Sydney. 
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information given, select dimensions and tolerances 
using whatever standards are in use in the firm, and 
then to prepare the drawings as they would do if the 
assembly were to be made in their own workshops. 
Subsequent analysis of each firm’s drawings produces 
a reliable cross-section of the design and drawing 
practices of the firms concerned. In the C.S.I.R.O. 
analysis, despite the relatively small number of 














participating firms, there were strong grounds for the 
belief that considerable economies might well be 
effected if the Australian engineering industry used a 
common series of preferred sizes, limits and fits and 
drawing practice, and if there were more knowledge 
amongst designers and draughtsmen of modern 
methods of design analysis and of the use of the laws 
of probability. 

Preliminary results of the C.S.I.R.O. analysis were 
discussed in a Paper presented to the Sydney Section 
of the Institution of Production Engineers in August. 
1951. These results so impressed the Sydney Section 
Committee of the Institution that they forthwith 
established a Working Group under the Chairmanship 
of C. S. Curtis, M.I.Prod.E., to continue the in- 
vestigation on a broader scale, and thus set an 
authoritative mark on the findings. 

The composition of the Working Group was as 
follows : 

C.S. Curtis, Chairman; R. Barter; H. A. Colton; 
N. A. Esserman; C.A.Gladman; C. Harris; E. 
Hewison; J. Rector; H. H. Reid; J. B. Finlay, 
Secretary. 

The Group decided to adopt the design problem 
technique developed by C.S.I.R.O. to conduct the 
investigation and the analysis, and furthermore 
decided to limit the investigation to New South 
Wales. The Group felt that similar investigations in 
other States would best be carried out by the 
appropriate State Section of the Institution of Pro- 
duction Engineers, if the present investigation indi- 
cated that to be the most appropriate development. 
This Paper contains the report of the Working Group 
on the analysis carried out on its first project, which 
was commenced in September, 1951 and completed 
in August, 1952. 


Conclusions 

Although the number of firms who actually partici- 
pated in the project was smaller than anticipated, 
sufficient evidence has been accumulated for the 
Working Group to form the following conclusions : 
1. Considerable economies would be effected in the 
engineering industry in New South Wales if a 
common series of preferred sizes, limits and fits and 
drawing practice were adopted. 

In support of this conclusion it is sufficient to point 

to the information given in Table 2*, where so many 
different sets of limits have been chosen by the 
participating firms for the dimensions analysed. It is 
considered that if each firm had used a common 
series of basic engineering standards these numbers 
would have been considerably reduced. 
2. The Working Group submit the following con- 
clusions in regard to the new draft revision to B.S.164 
incorporating the International Standards Organisa- 
tion system of limits and fits : 

(a) The new draft Standard appears, in general. 
sufficiently comprehensive for engineering purposes 
and would probably satisfy most needs as a national 
Specification. 


* All Tables and Figures referred to will be found on 


pages 216/228. 


(b) Some guidance is, however, required as to how 
best to use this Specification in industry, as with all 
comprehensive systems of limits and fits. The maxi- 
mum benefits from its adoption are not likely to be 
realised until special guidance has been provided. 

(c) The Group also consider that improvements 
could be made by avoiding the necessity for calcu- 
lating the limits to the half ten-thousandth of an inch 
when the tolerances themselves are relatively large. 
The present draft has this weakness. (See fits 5h7U7 
and .5h7G7 in Fig. 1.) 

(d) During its study, the Group learnt to appreciate 
the attractiveness of a rational decimal series of 
preferred numbers as compared with a fractional 
series. 

(e) It would appear that there is little detailed 
information in the Specification to guide engineers 
in the selection of holes and shafts when the 
occasional use of the shaft basis is desired. ' 

The gear pump itself is an example where the 

shaft basis is necessary for several of the fits. 
3. Larger tolerances should, in general, result from 
the use of modern methods of analysing the function- 
ing requirements of designs, particularly if allowance 
is made for probability. The Group also considered 
that more careful thought and attention to produc- 
tion and inspection requirements which such analyses 
demand will ultimately mean a better shaping of 
designs to suit production. 


Recommendations 

The Working Group makes the following recom- 
mendations to the Committee of the Sydney Section, 
Institution of Production Engineers : 


1. That the Institution advise the Standards Associa- 
tion of Australia that, as a result of its preliminary 
and partial survey of sections of Australian industry, it 
considers the very early completion and issue of 
B.S.164 “ Limits and Fits for Engineering”, and of 
B.S.308, “‘ Engineering Drawing Office Practice”, a 
matter of great importance, and that the Standards 
Association of Australia be requested to urge the 
British Standards Institution to this effect. 

2. That this survey having shown the lack of know- 
ledge of modern systems of limits and fits, drawing 
office practice and dimensional analysis of engineering 
designs, the Institution of Production Engineers should 
take steps to enable management, design staff and 
production engineers to study these modern principles 
and practices. 


The Design Problem 

The design problem chosen by the Working Group 
was a gear pump for an internal combustion engine 
which was being manufactured by a particular firm 
in New South Wales. and for which the design details 
and specifications were accurately known. The 
problem, as presented to the engineering firms, was 
as follows :— 

‘(1) The attached prints show the assembly and 

detail drawings for an oil pump of the gear type for 

a 4-cylinder internal combustion engine. The oil 
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pump is to maintain a pressure of 18-20 lbs. per 
square inch when the driving shaft is operating at a 
speed of 880 rev. per minute. 

(2) The pump is operated by means of a helical 
drive from the cam shaft through the drive gear, 
Item No. 3, the power being transmitted through 
the shaft, Item 6, to the driving gear, Item 1, by a 
Woodruff key, Item 15. The shaft, Item 6, is to be 
a close running fit in its bearings in the body, 
Item 5. The driving gear is a press fit on the 
shaft, Item 6, and is retained there by the circlip., 
Item 16. When this shaft and gear are assembled 
in the body, the helical gear, Item 3, is next 
mounted, positioned, and the shaft drilled from the 
previously drilled holes in the gear. The pin, Item 
4, is then driven in and the ends riveted over. The 
idler gear, Item 2, which meshes with the driving 
gear, runs on a journal formed by the pin, Item 7, 
which is a drive fit in the body. The cover plate, 
Item 12, is secured to the body by six cheese- 
headed screws, Item 13, which are each provided 
with lock washers, Item 14. Interposed between 
the cover plate and the body is a manilla paper 
gasket, Item 8. A filter screen, Item 11, retained 
by a clamp wire, Item 10, completes the assembly. 
The pump body is located in position in the engine 
by the long cylindrical portion and is secured by 
two 5/16” diameter screws, Item 17. 

The method of assembling the driving gear to 
the shaft is for the gear to be pressed on to the 
shaft until it is possible to insert the circlip. The 
gear is then pressed back until the circlip is against 
the recess face. 

(3) With the exception of the filter screen, Item 11, 
the clamp wire, Item 10, and the lock washer. 
Item 14, dimension and tolerance all the detail 
parts shown on the attached prints as you would 
do if the parts concerned were to be made in your 
own factory. The parts have been drawn full size. 
and the drawings should be scaled, as appropriate. 
to determine nominal sizes for dimensions. The 
actual sizes, limits and tolerances which you show 
on the drawings should, however. be chosen to 
suit your own practice, and to conform with any 
standards for limits and fits, screw threads, surface 
finish, drawing practice, etc.. which you have 
adopted. Some factories use data sheets to explain 
the meaning of forms of dimensioning and other 
practices used on their drawings. If you use such 
data sheets, it would be appreciated if you would 
enclose a copy when you return the completed 
drawings. 

(4) In regard to the drawing of Item 5, you are 
not asked to supply dimensions and tolerances for 
the outlet ports and passages in the pump body. 
(5) In preparing the drawings and determining the 
limits and tolerances for the various details of this 
pump it would be appreciated if, within the limits 
imposed hy your own standards, you would con- 
form as closely as possible to the following 
functioning, assembly and interchangeability re- 


more accurate comparison of the practices of the 
firms will ultimately be possible. 


Functioning, Assembly and Interchangeability 
Requirements: 


(A) All parts are to be interchangeable as far as 
practicable, with the exception contained in para- 


graph (C) below. 

(B) Large quantity production is to be assumed. 
(C) The end play of the shaft, Item 6, in the 
assembled pump is not to be less than .002” or 
greater than .005”. (See also method of assembly 
given in paragraph (2).) 

(D) Dimensions and tolerances for the width of the 
gears, the depth of the pocket in the body and the 
thickness of the manilla gasket should be chosen 
so that, with the pump completely assembled, 
the mean clearance between the width of the gears 
and the corresponding space in the assembled body 
should be about .012”. The nominal thickness of 
the gasket should be about .010”. 

(E) The mean clearance of the shaft. Item 6, in its 
bearings in the body should be about .002”. 

(F) The fit between the shaft. Item 6, and the 
bore of the driving gear, Item 1. should be transi- 
tion with the mean fit an interference of .0002”. 


(G) The mean clearance between the bore of the 
idler gear, Item 2, and the pin, Item 7, should be 
about .001”. 

(H) The mean interference between the pin, Item 
7, and the body should be about .001”. 

(K) The mean clearance between the outside dia- 
meters of the gears and the diameters of the 
corresponding recesses in the body should be about 
006”. 

(L) The backlash for the gears, Items 1 and 2. 
should not exceed .01”. The gears are each to have 
ten (10) teeth of 10 diametrical pitch and 20° 
pressure angle with basic pitch circle diameter 
equal to 1.0”. 

(Note : This is not in accordance with normal pump 
practice which is to cut nine (9) teeth on a ten (10) 
tooth blank, but has been adopted for simplifying 
the analysis.) 


(M) The Helical Drive Gear, Item 3, is as follows : 


No. of teeth = 10 

Helix Angle = 31° L.H. 
Pressure Angle = 14° — 30’ 
P.¢.D. = 833” 
D.F. = 14 


Mating Gear = 11 teeth—1.562” P.C.D.. 
mating on 1.189” 
centres including allow- 
ance made for backlash. 


(N) The mean clearance between the locating dia- 
meter on the body and the corresponding hole in 
the engine casting should be about .001”.” 


Drawings of the detail parts were sent with the 





————— 








quirements. In this way all participating firms will problem to assist the firms in indicating the 
commence the analysis on a common basis, and a dimensions and tolerances for the components. These 
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drawings merely showed, without dimensions, the out- 
line of each part drawn full size, the material for 
each part being given on the assembly drawing. 


The Industries Co-operating in the Analysis 


Firms from the following divisions of industry 
participated in the investigation :— 

Aircraft; Automotive; Gearing Specialists; General 
Engineers; Defence Establishments; Internal Com- 
bustion Engine Manufacturers; Machine Tool 
Makers; Pump Manufacturers; Transport. 

Thirty-six firms were supplied with the problem, 
and eighteen submitted the analysis. 


Analysis 


The analysis has been carried out in relation to 
selected dimensions and elements on nine details of 
the pump. The dimensions and elements considered 
were those shown as A, B,C... P and encircled in 
Figures 3 to 10, and the actual sizes and tolerances 
chosen for these dimensions, etc., by each of the firms 
are given in the appropriate columns of Table 1. 
Where the information given in this Table is un- 
qualified, the way in which it is shown in the Table 
is as it appeared on the firm’s drawings. The toler- 
ances for some dimensions could only be found from 
general notes appearing on the drawings or con- 
tained in data sheets supplied by the firm; where 
this was the case the relevant dimensions have been 
appropriately marked in Table 1. The sizes and toler- 
ances for a few dimensions were not given directly 
and had to be obtained by addition or subtraction of 
other sizes; the relevant dimensions here have also 
been marked appropriately in Table 1. 

For purposes of illustrating the design problem and 
its solution, the Working Group have prepared firstly, 
Figure 1, showing the fits chosen for the important 
parts on the pump; secondly, Figure 2, showing the 
assembly drawing of the pump; and thirdly, Figures 
3 to 10, showing the drawings of the details on which 
the analysis has been performed. No drawing has 
been prepared for the screws, Item 17, since only the 
description of the screw thread was under considera- 
tion. 

In preparing Figure 1, the Working Group have 
followed the recommendations contained in the new 
draft revision to B.S.164 viz. 3rd Proof. C.N.(MEE) 
8129 which has been drawn up on the basis of the 
1.8.0. System for Limits and Fits. The Working 
Group made this decision after much careful thought 
and mainly for the following reasons : 

(a) because the old B.S.164 was inadequate for the 

purpose of this design, and 

(b) because the exercise of working from the new 

draft Standard Specification would illustrate 
how it could be applied in practice, and inci- 
dentally be a good test of its scope as an 
engineering standard. 


In using the draft revision to B.S.164 the Working 
Group had also to choose between the two recom- 
mended series of preferred sizes contained therein, 
the one being a decimal series and the other a 
fractional or binary series. It was decided finally to 


adopt the decimal series as being the simpler for use 
in illustrating the analysis and in preparing the 
Group’s drawings. It was appreciated, however, that 
the criticism of this action could be that stocks of 
standard drills, reamers, gauges and the like would 
not be available for some of the chosen sizes at the 
present time. Hence the Group’s approach to the 
problem could be regarded as unrealistic. This latter 
criticism, of course, could be extended at the present 
time to the entire revision to B.S.164, but if the new 
draft is subsequently found to be acceptable to the 
engineering industry as a whole, provision will 
doubtless be made in due course for the preparation 
of appropriate specifications for the associated 
standard drills, reamers, gauges, etc. The main pur- 
pose for the Working Group using the new draft as 
explained hitherto is illustrative, and particularly is to 
show what can be achieved with a comprehensive and 
logical scheme of limits and fits. : 

The fits indicated in Figure 1 for each important 
pair of mating parts can be identified as follows : 

(c) the size given for any pair is the basic size in 

inches; 


(d) the letters following the basic size indicate the 
relationship of the holes and shafts to the basic 
size, capital letters referring to holes and small 
letters to shafts; and 


(e) the figures following each letter refer to the 
grade of hole or shaft as appropriate. 

For example, in the fit designated 1.2H9d9 in 
Figure 1, the basic size is 1.2 inches, the hole is an 
“H” hole with a grade 9 tolerance and the shaft 
is a “d” shaft with a grade 9 tolerance. Tables are 
provided in the draft B.S.164 giving the appropriate 
limits of tolerance for each hole or shaft in relation 
to the basic size. 

The actual limits and tolerances corresponding to 
the fits shown in Figure 1 have been included in the 
appropriate detail drawings shown in Figures 3 to 10. 
These latter drawings have been prepared on the 
basis of the draft revision to Sections 12, 13 and 14, 
Dimensioning and Tolerancing, of B.S.308, viz. 
C.N.(MEE) 5562. The reasons for choosing to use 
this Specification are similar to those explained in 
connection with the use of the draft revision to 
B.S.164. In the interests of clarity some of the less 
important dimensions have been omitted from 
Figures 3 to 10. 

In the following the analysis is explained. in detail 
in relation to the eighteen contributing firms. 


1. Analysis with respect to Functioning Re- 
quirement F.R.5(D ) 


Results of this analysis are given in Table 2. At 
the foot of this Table are given the sizes and toler- 
ances chosen by the Working Group for the features 
involved, the necessary calculations being shown in 
Section 1 of Appendix 1. General observations in 
regard to this analysis are as follows : 


(a) Tolerances quoted for the depth of the pocket, 
Ds, which is not easy to control precisely in 
practice, were quite small in some cases, 
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particularly for Firm 28 (.0005”) and Firms 3 
and 16 (.001”). 

b) Only a few firms, viz. Firms 1, 6, 9, 16, 23 and 
aa, quoted tolerances for the thickness of the 
gasket. 


(c 


Most firms obtained values for the mean clear- 
ance near that specified. There were only two 
exceptions, viz. Firms 1 and 7. 


2. Analysis with Respeci to F.R. 5E, 5F, 5G 
and 5H 

Results of these analyses are shown in Tables 3 

to 6 respectively. The sizes and tolerances chosen by 
the Working Group are included at the foot of each 
Table, complete particulars being given in Sections 2 
to 5 of Appendix 1. General observations are as 
follows : 

(a) Most firms adhered closely to the mean values 
of the given functioning requirements, excep- 
tions being : 

(i) Firm 23 had an interference instead of a 
clearance for F.R. 5E. (See Table 3.) 

ii) Firms 10 and 35 had mean clearances 
differing appreciably from that quoted for 
F.R. 5E. (See Table 3.) 

iii) Firms 2, 4, 7 and 28 had a clearance in- 
stead of an interference for F.R. 5F. (See 
Table 4.) 


iv) Firm 8 had a mean clearance of .002 inch 
instead of .001 inch for F. R. 5G, whilst 
Firm 19 had an interference instead of a 
clearance. (See Table 5.) 

(v) Firms 4 and 28 had a clearance instead ol 


an interference for F.R. 5H. (See Table 6.) 
The average tolerances on the various fits 
given by the eighteen firms are as follows : 


F.R.5E Table 3 + .00066 
F.R.5F Table 4 + .00053 
F.R.5G Table 5 + .00056 


F.R.5H Table 6 ... + .00053 
c) The variations in the tolerances quoted for the 
various fits by the eighteen firms are as 
follows : 
F.R.5E Table 3 + 00035 to + .001 
F.R.5F Table 4 ... + .0002 to + .0008 
F.R.5G Table 5 + .00035 to + .001 
F.R.5H Table 6 ... + .0004 to + .00085 


3. Analysis with Respect to F.R. 5K 
Results of this analysis are given in Tables 7 and 
8, the former Table being concerned only with the 
clearance between the bore for the gears in the body 
of the pump and the corresponding external dia- 
meter of the gears, whilst Table 8 takes into account 
the assigned concentricity tolerances and their effect 
upon the running clearance. As in previous cases, 
the sizes and tolerances chosen by the Working Group 
have been included in the Tables, the relevant calcu- 
lations being shown in Section 6 in Appendix 1. 
General observations are as follows : 
a) Firms 4, 8 and 28 had mean clearances differ- 
ing appreciably from that quoted for F.R. 5K. 
(See Table 7.) 


(b) The average tolerance on the mean clearance, 
chosen by the eighteen firms is + .0022. 

(c) The tolerances on the mean clearance vary 
from + .00075 to + .006. 

(d) Only four firms, viz. 1, 16, 25 and 26 quoted 
tolerances for concentricity in this problem, and 
hence only these four firms have been included 
in the analysis for running clearance shown in 


Table 8. 


4. Analysis with Respect to F.R. 5L 

Results of this analysis are given in Tables 9 and 
10. Table 9 showing the calculations required to 
obtain the mean value for the backlash and Table 10 
those required to obtain the variations from the 
mean. The Working Group’s analysis is included at 
the foot of each Table and the relevant calculations 
are explained in detail in Section 7, parts (a) and 
(b) of Appendix 1. In addition, Appendix 2 has been 
prepared to show the calculations required to deter- 
mine the diametral limits over rollers for the 
measurement of the thickness of the gear teeth, and 
also Appendix 3 to illustrate the analysis for the 
backlash when allowing for probability. General 
observations are as follows : 

(a) The thickness of the gear teeth was toleranced 
in three different ways, thus : 

(i) Toleranced diametral measurement over 
specified rollers. 
Three firms, viz. Nos. 7, 11 and 25 gave the 
information in this way. Three other firms, 
Nos. 2, 10 and 16, gave one dimension over 
rollers but without tolerances. 

(ii) Toleranced chordal width. 
Four firms, Nos. 1, 8, 21 and 26, gave the 
information in this way. 

(iii) Toleranced pitch circle diameters. 
Three firms, Nos. 3, 6 and 9, gave the in- 
formation in this way. Five other firms. 
Nos. 4, 19, 23, 28 and 35, merely quoted 
the basic pitch circle diameter without 
tolerances. 

(b) Four different sizes of rollers were quoted by 
the six firms given in (a) (i) above. 

Two firms, Nos. 11 and 16, quoted .168 dia. 
rollers. 

Two firms, Nos. 7 and 25, quoted .1728 dia. 
rollers. 

Firm No. 10 quoted .175 dia. rollers 

Firm No. 2 quoted .192 dia. rollers. 

(c) Only four firms, Nos. 1, 7, 25 and 26, supplied 
sufficient information re tolerances, etc., to 
enable these to be analysed and checked for 
conformity with F.R. 5L. Although in no case 
was there the best agreement with the back- 
lash requirement, nevertheless the final figures 
for B in Table 10 are generally satisfactory. 
This is particularly true if it is remembered that 
the values of E are maximum values and repre- 
sent the worst possible conditions happening in 
practice. 
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5. Analysis with Respect to F.R. 5N 
No analysis is possible here, as firms did not quote 
the limits for the hole in the engine body. 


6. Preferred Sizes and Tolerances 

In this analysis the object was to find out how 
many different limits of size were chosen for certain 
dimensions on the detail parts of the pump by the 
various firms. In theory, and provided that two firms 
are given identical functioning requirements and 
work on the same system of preferred sizes and limits 
and fits, they should arrive at identical limits of size 
for each mating part. This ideal state is unlikely to 
be realised in practice; nevertheless, less variation 
between engineering firms might be expected if they 
all used a common system of basic engineering 
standards. 

The results of this analysis are given in Table 11 
and the information in this table is interpreted as 
follows. Dimension A appearing in Figure 3 is 
marked 13/18 in Table 11. This means that the 
eighteen firms between them quoted thirteen different 
sets of limits for this dimension. Attention is drawn 
to the following : 


(a) Eighteen firms quoted eighteen different sets of 
limits for dimension B in Figure 4, viz. the bore 
of the idler gear. 


(b) Eighteen firms quoted seventeen different sets 
of limits for dimension B in Figure 3, viz. the 
bore of the driving gear. 


(c) Eighteen firms quoted fifteen different sets of 
limits for dimension F in Figure 5, viz. the bore 
in the body for the idler shaft. 


(d) Eighteen firms quoted fifteen different sets of 
limits for dimension L in Figure 5, viz. the 
recesses in the body for the gears. 


(e) Eighteen firms quoted 9 different sizes and 
types of screw for dimension M in Figure 5, 
viz. the threaded holes for the screws securing 
the cover. 


_ 


Eighteen firms quoted 12 and 15 different sets 
of limits respectively for the dimensions A in 
Figure 6 and 7, viz. the shaft diameters. 


Eighteen firms quoted 13 different sets of limits 
for the dimensions A in Figures 3 and 4, viz. 
the outside diameters for the gears. 


e 


7. General Drawing Practice 

The results of an analysis, concerned with some of 
the more important aspects of the drawing practice 
used by the firms in preparing their entries, is shown 
in Table 13. The main features are as follows : 


(a) Most firms use decimals for important dimen- 
sions, and fractions for unimportant sizes. 


(b) Ten of the eighteen firms have a general note 
to cover the untoleranced dimensions. 


(c) Twelve firms used both hole and shaft basis, 
four firms used shaft basis alone, while Firm 26 


worked on unilateral hole basis to the extent of 
a three-stepped shaft (Item 6). 


(d) Unilateral tolerances for important fit sizes 
were used by fourteen firms, one firm used 
bilateral tolerances only, while another three 


firms worked to both systems. 


(e 


Consistent application of B.S.164 Limits and 
Fits System was observed in the design of only 
three firms. No firm used the Newall System. 


(f) Important dimensions were expressed as limits 
of size by three firms, as design size and toler- 
ances by ten firms, while one firm adopted the 
basic size and limits of tolerance notation. A 
combination of two of the three methods was 
used by the remaining four firms. 


Surface finish symbols were omitted by five 
firms, while Firm 1 used the U.S. “check” 
symbol and a micro-inch roughness value. Two 
firms used the S.A.A. symbols, two used the 
inverted triangle and seven others adopted the 
“f""G”. etc. notation, while Firm 7 used a 
combination of triangle and “ f” symbols. 


(h) Six of the eighteen firms quoted one or more 
of the tolerances for concentricity, straightness, 
squareness, etc., the maximum number of firms, 
quoting a specified dimension, being four. 
(See Table 12.) 


we 
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® FROM GENERAL TOLERANCE NOTES TABLE | % INDICATES DERIVED DIMENSIONS 
FIRM | FIRM 2 FIRM 3 
ITEM ITEM ITEM 
DIMENSION] | 2 Ss 6 7 8 2);se}n ! e Ss 6 7 8 2);s); "0 1 2 Ss 6 7 8 2); is] 
1-200 |!-200 |1-000 |-4985}-S0IS | -010 | -525/ -625/ S/i6 11-200 }1-200) | +498 |-SO0S | -O10 | 9/16 | -500/ S/I6 | 1-2 2 ' 2 2 “Ol 9/16 |14R} S/lé 
(®) | -ve|-v2| +5) -WV2|-/2| +1| +5] -5| WHIT }+-000 |+-000) + 1/64] +0005|+-0002|+-005) + 1/64] +000 | BSW |+-000] + 000/+-005 |--0012|+-0016 +-003] +0000] BSW 
a =i] «§ --001 |--001| © 0000} @ | @ |--010 =-006|--006 0020) +0012 --0025 
_~ | -4978| -So2| -S00]-625 1719| -250 -4992|-Soi2| 1/2 | - N°19] -203 4982|-S024| 1/2 | Ne2 1/64| 203 
@ |+v2l+v2| +5] +10 +s] -5 }+-0005} +-0005| + 1/64] + 00S 166 |+-095 +-0004|+:0004|+-003| B.S. DRILL |+- 000 
4 +-0000/--0000 @ | @ DRILL WOODRUFF —-005 | 
1-245] 1-245] -328 | -198! -0948 1-250 | 1-280 | 3/8 | -135 125 1-249] 1-249 | 1/32] -151 -095 } 
© -| -| +5 +5 -! 2-00) | +-O0! |/DRILL |+-005 +-00! +-000 | +-000 | DRILL |+-005 +-000 
| --000 --000 --001 |--001 ~-000 --001 
CHORDAL |'!-250/ -0928 | 192 | -192|1-252 | -124 PITCH iV | 
© | worn +3) +1 +-002 |+-001 DIA |+-001] — 
--000|--000 Limits |--000 
1544|-1544| -S00 1-3441/1-3441] -500|+-001 1 1 V2 
© -3| -3}+/2|— +0005 ~-005| --005 |+-0008) — 
--008 |--008 |--0000 
0948 “S00 126 +500 09s /2 
©) +1 +i/2 +-001 l+-0005 +001 +0008 
--000 --000 —0000 
306 1-000 +320 TO osToNe = | | 
© +5 +1] +-005 — *005/ | 
Tot --000 --000| —‘{+-004 
-0005 | -0005 | 9-200 | 9-625 | Jos 
(4) AT-SR|AT-SA| 10] —— coil ace LOM 
--002 | |e 
-0005|-0005 |-9995 -999 if 
(®) -V2 — | —|+000 — | — |+-0000 
| --001 | ~ -0006 
0015] -0015 |1-205 1-204 f 1-206 
© a a ee a — | — |+-003 
--000 
3BA 3BA 5/32 
® asw 
| © -001 
TABLE 1 (conTINUED) 
FIRM 4 FIRM 6 FIRM 7 
ITEM ITEM ITEM 
oenson} § | 21/5|/6)] 7] e8li2/sl/i7frtels{[oel7{efeflwseliwtsj}felstel7]safu2isefw 
1-200] 1-200] | 4998 | -4993 * 250R| S/l6 | 1-200) 1-200) 1 5 *$00 | -010 19/16 | -S00 | S/i6 | 1-200 | 1-200 | 1-000 |-4985 |-S008| -O1S [17/32 | 1/2 | S/16 
(B) | +-s08/+-001 0000|+-0007] —— | -S |+-000| BSF. |+-000|+- 000) + -005 +-0000}+-0000/+- 002 | +-005|+-000 |B SF |+-00! |+-001 |+-005 }+-0000}+-0004' WHIT 
--9002|--0000 --0025 --002|--002| @ |--0005}--0005 @ |--010 ~-0005|--0000 
$000 | S007 | «5 “S00 5/32 | -203 4998 | -S00S/ 1/2 | i/e N°19 | -203 4990 | S016 | -S00 | 1/2 1/32 
+ 0002 |+-0007 +-000 DRILL|+-000 0000/+-0005|+ 005 |+-005 166 | +-000 +0004] +-0004) +005 pRit| — | 
-- 0000 | --0000 --005 --005 --0005 |--0000 © | © DRILL |--005 --0000| --0000| 
1-250] 1-250| S/i6 | -355 0048 1-250 |1-250 | 1/32 | 1365 126 1250 | 1-250] 1/32 | 1501 3/32 
© +-002 |+-002 | ORILL |+-002 +000 +-001 |+-001 | DRILL |+-005 +000 +-000 | +-000 | DRILL |+-0050 
--000|--000 =-000 To --001 --000 --001 --002 | -- 002 --0000 
1-262 N°20 PITCH [F252 | -124 1728) -1728] 1-271 |-0928 
© |—|— }+-o02| — WOODRUFF DIA. {+ -002 -0015 + 001 }-0005 
--000 LIMITS L000 L000 
-§02 1-000 |1-000]-Sa1s +-2322|1-2322| -5000 
© |—|— |+000) — +000 |+-000/+-0015| — +-0000|+-0000|+-0010] — 
--001 --003 |--003|--0000 --0014|--0014| --0000 
126 501 “131 -499 -0937 “5000 
©) }+-008 +00! + +-0000 +0000 +0004 
--000 --000 --005 ~-0005 --0010 --0000 
307 1-000 “073 1-002 “062 11-000 
© }-00s +-002 +-000 +- 002 +-008 +002 
~-000 Toe --005 AT EDGE AT EDGE |--000 
9-562 9 5/8) ]o-625 
@) | —|—|>-005 — | — ]+-005 — | —|=+-005 
--000 Q 
+999 -9995 -999 
(&) | —|—|+-000 — | — |--0000 — | — |+-000 
--00! --0005 Zz --00! 
-606R +205 002 |-002 | 1-206 
© |—|—}+-001 ame | om |2-682 +-002 
--000 --000 
4BA 3BA 10 SAE 
@ 
® _ _ 2 
i i ; = 
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®|®@®/@©/O|@/|O©/O|O|@|O|O|©|® 


® 


(@) | @ 


(9) 


a) 


@) 


@|©|@©/O|® 


TABLE | (continued) 


Finu 9 
ITEM 
6 7 


$00} -SOS 
: 


' 154 
000 003 
~ 002 


cHorp |! 250 
WIDTH 


PITCH DIA 
LIMITS: 


1-000} 1-000 
001 | -001 


53 |-1S3 | -500 
ss | -1sS 


500 
001 


TABLE 1! (continued) 


FIRM I FIRM 16 
ITEM \TEM 
7 6 2 8 12 


-500 5000] -011 |'%/,5 
us ‘009 i316 


Y 
s015| ° 


250)1250 Wo 
1249/1249 s16 


168 | -168 |1-25! 
252 


2 | -2u |-SOIS 


1-000 
I 


aT 
9% 


001 | 00! 


1 2 


200/1-200 
198 |1-198 


78 


250)1-250 
248/12 


FIRM 10 
ITEM 
7 8 12 





FIRM IS 


~ 1405 


248 |.1240 
2$2/-1255 


soos 
$000)" 


4988 
4 


998 
3 


64+ 


ITEM 








TABLE | 


(CONTINUED) 


































































































































































































“S000 


+246 


242) +242 


© 


© 4 


+246]: 


+1531 | 4537 | - 


4554)- 


© 
©) 


1554 


9 


- 


18 


184]-203 


NOTE. 

SHAFTS 6 £7 
STEPPED FOR 
«) FIT IN GEAR 
b) FIT IN BODY 


FIRM 28 
ITEM 
2 Ss 7 


+198 | 
! 


6 8 | la 


“SO! 


1-249 |1-249] 11/32] +151 


ORILL 


+250 |-093 


“Sol 


*So0 
“0005 


4390 


iS; i7] i 2is5 
1-200 | 1-200] % 
WHIT | 1-202 | I- ! 


6 


“198 


11/32) 1S 
1861 


0928 
1-282 |- 








FIRM 2i FIRM 23 FIRM eS 
ITEM ITEM ITEM ; 
omension’ 1 | 2) S)/6[/7)/al2zilslrfilealsléelr7[salfaelslrfilelslelr{]sfalsiu 
ry |P20o|re2do]* 1 |i/2 [ve | 9/6} 1/2 | S/e }i200/1200]%1 | 128.) 122, ] 010 [e19/32]-490 | 5/16 | 1-200] 1-200|at000] S00 |-S00] -01 | S62] -S00} 5/6 
GY P-0048}--0048] +-0005|--003 |~0080 | — |=-002 |+-000} MED |+-000/+-00 |s-a02s *'.-o02|9— 02 | +002 f#:0025| S00 | BSW |+-00 |+-00 |+0025) +0 | +00 [+002 |+005|+-0 | BSF 
0072 |--0072 |--0005|--0034|--0034 |- 00S| BSW |--002|--052} @ |carsCoooe m | | --001 |--001| @ | --0004/--0004 | | --Q1 
— re a. or" 1 + + - +-——~ +$——_ +++ + —+—— —$——}-__— 
i/2 | Ne2 | 13/64] -203 1/2 }-S005| 1/2 |-490 11/64) -198 -4993/-S005| SOO | -S00 | [1770 |-203 
-001 | WOODRUFF |+-000 +000 |-4995 |+-005|-S00 2-005 | -203 +-0006|+-0006/+-005 |+-005 |#-003 |-005 | | 
--005 --0002] | @ | ta) Q |--00 | Mt 
— 4 ._ 2 a a ee } a ek SS 2 ee — 
O” | “1S! |-0948 13/16 ie ava | 0938 #250 |1-250 | 11/32) 1814 0948) 
DRILL] + 00S +000 +000 |+-000 |#-005 | «1561 0948 +00 |+-00 +-005 | +0 | 
000 --001 --003|--003) @ | ~+001 |-+001 --00 --001 
; + - + +————-+ + t+— ——; _——, ce os —-— oe ooo e Cree ' 
''%a | -0928 N°20 13/16 |-0928 | 28 |-1728 | 1-250 |-0928 
+-004]+-001 B.S. —| — |--000 | 0943 +-002 | +0005 t 
- KEY. +-003! | --00 |--00 
= = EE eee EE es - ee eS 
ia i$24|-1S24] 1/2 S005 1-226 [1-226 |-S010 | -003 
(E 1544/1544 |-.0008| —|—|-4995) ——| +:00 | +00 |+-00 
aaF {00 ae ae oe ee Leal | Raa. . as 
f 0948 /2 0948 ve | “0948 4985 
(F +-00) ~-0035 | 0948 --0002 +002 4991 
~-000 f 00425) | | ie | }+--0008 | a ] 
- + ——+—-—+— + ~——+ +———_+—- --- — ++ ——_——$-_—-+— + t 
. |ss4 -e00] | | foses| i r || [-seof [r000] 
(G + 006 t-000S | “0579 | +-0065' +003 +002 | 
—__|-e0o one | | | __jareose} sous | | | | -000NK — |--00 
el en Se 4 | } } | | | 
a) 3 5/g | | 99/16] [9-62 | 
(H — | — |+-010 —|—|¢-005 _— + 01S 
m= | (oS ES BE Oe oe e | | 
F \ | a02 | -002 | 1-00 ef -] 
(K) | —|— |+-000) —|—|--001| +0 | | 
na -+ 0006 | | - 002} -- 001 | 
“| |r200 ar | } T | | T z ; T 
| | +200 OO! |-001 | 1-205 | 
© — | — |+ 0006 —| —|+-008 +-001 | | 
| an ow | | | +-002 --00 | | 
3/16 i | | 5/32 Jagat =f 
@™) MEDFIT. a.sw we th 
a [BSW | | | | | 
Se ee + + T + T 
ai ZERO| 
(R) -_ | — NOTE. Be ue 
( | = 
reed | | SHAFTS 687 
7 4 - + + STEPPED FOR -—— +a 
i Q) FIT IN GEAR ode | | | 
© b) FIT IN BODY . fe 
| 1 i ti i l l 
TABLE |! (CONTINUED ) 
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TABLE 1 (continuen) 


TABLE 2 


FUNCTIONING REQUIREMENT 5D 











WORKING GROUP STANDARD 





















































—- 























ITEM 
DIMENSIO 1 2 Ss 6 7 ~ 12 is 17 
1-1969 }1-1969) 1-6 |-SO000})S000;-Ol | -SS | -S00 3-16 
(A) 11945 ]1-1945) (p.7.) |-4993]-4993] 009 |(P.T.) | -495 
UNC-2A) 
-49975)-5009S) -S /|-500 -200 |-203 
-49905|S002S|(P.7.) |-495 +005 |.198 
12500 |1-2500) -400 |-iS6! 0948 
(c) 1-246) |1-2461|+-007 |-1S11 0938 
168 |-168 2524 0928 
(0) 12476)-0918 
1-219) |1-2191 |-S020) -001 
(cE) -2128)1-2128)-S013 
-0958 49895) 
(F) —— “49825 
‘$57 1001S 
-007 
-003 |-003 |9-625 
(4) £0189) 
“001 |-00! |1-00 
(k) “9992 
“O01 | -001 |1-2024 
) 12000 
2BA 
(™) Meo. 
(s) -000S 
©) -0015 

































































. <= ar 
Ci = D,; + A, — C, + } (8d + da + dc) 
Firm DIMENSION 
No. |—— + 
D,; C, Ag Cl 
(Item 5 (Item 1) | (Item 8) 
I 1°251 5 1°244 5 ‘O10 “016 75 
‘OO! 5 ‘000 5 | ‘00! +°003 25 
2 1°253 1*250 ‘O10 013 
Tt OOo! ‘OO! 
3 1*250 5 1°248 5 ‘O10 ‘O12 
+ 0005 |+ ‘000 5 
4 1°263 1°251 ‘O10 ‘O12 
Tt OOo! ‘OO! 
6 1252 1*250 ‘O10 ‘O12 
+ +002 + ‘OO! + *002 + °005 
7 1°27! 1*249 O15 037 
7 ‘OO! ‘OO! 
8 1°251 I *24¢ O10 ‘O12 
5 49 
- "“OOl “OO! 
9 I°312 5 1°310 0 ‘O10 “O12 5 
+ -o0o1 + 000 5 |+-000 5 |+-002 
10 1*250 1*250 ‘O10 ‘O10 
T ‘002 ‘002 
11 1°25! 1*249 ‘O10 ‘O12 
‘OO! t ‘OO! 
16 1°251 5 1°249 5 ‘O10 ‘O12 
+ :000 5 t *000 5 |+°‘00I + ‘002 
19 1*250 1*249 ‘O10 ‘O11 
+ °002 + -OOI 
21 1°252 1°249 5 O10 O12 5 
t *OO2 “000 5 
23 1-189 1-186 ‘O10 013 
t ‘OOI 5 ‘OOI 5 +jt°002 + °005 
25 1°251 1°249 5 ‘O10 ‘O1l 5 
+ “OO! °000 5 | °002 + °003 5 
26 1-246 1°244 O10 ‘O12 
+ +003 + -002 
28 1*250 25 1*249 25 O10 Ol 
+ -o000 25% “000 25 
35 £°253 1°251 ‘O10 O12 
— ‘OO! “OO! 
Work- 
ing 1*250 1:248 05| ‘O10 “O1Il Q5 
Group|+ -002 4 001 95 |+°001 |+°005 35 























219 





TABLE 3 FUNCTIONING REQUIREMENT 5E 
C=E,—A,+} (8E+8A) 
















































































































































































Dimension Dimension 
Firm |— —__——_————————_|_ Clearance Firm |——— -} ——| Clearance 
No. E, (Item 5) A, (Item 6) C No. E,; (Item 5) | Ag, (Item 6 C 
I "500 25 *498 25 ‘002 O 16 “HOI 75 "499 9 ‘ool 85 
+ +000 25 + -000 25 ++000 5 +000 25 + +000 I +000 35 
| *500 oO 498 0 “002 0 19g *500 4 ‘498 4 “002 Oo 
+-000 5 + +000 5 +-oo1 O +000 4 + -900 2 + +000 6 
3 ‘500 4 -498 4 ‘002 O 21 498 8 496 8 ‘002 O 
+ +000 4 +-000 4 +-o00 8 + +000 4 + +000 2 +-+000 6 
4 *5OI 5 ‘499 7 ‘oor 8 23 *500 O "500 | —-000 I 
+-000 5 +-+000 I +-o000 6 +-+000 5 +-o000 | +-o000 6 
6 "502 25 ‘499 75 "002 5 25 “SOI 5 499 8 ‘OOl 7 
+-000 75 + +000 25 +-o001 0 ++000 5 +000 2 +000 7 
7 “500 5 498 25 002 25 | 26 "500 4 “498 4 ‘002 O 
+-*000 5 +000 25 +:*000 75 +000 4 +000 4 +-o00 8 
8 “500 4 498 4 ‘002 O 28 “HOI 25 "499 75 ‘OOI 5 
+-000 4 + +000 4 +-o00 8 +000 25 +°*000 25 +-000 5 
9 "492 25 "490 2 “002 05 35 486 o 484 85 ‘OOI 15 
+ +000 25 +000 3 +:°000 55 +000 5 +:000 15 +000 65 
10 "500 5 "499 25 ‘O01 25 Work’g 501 65 ‘499 65 “002 
+000 5 +-000 25 +:*000 75 Group ++000 35 +:°000 35 +-:000 7 
11 ‘501 8 | ‘499 8 ‘002 O 
+-o000 2 | +000 2 +:000 4 
TABLE 9 FUNCTIONING REQUIREMENT 5L 
B=(S—T)+Tan $[(D,—D,) +(D;—D,)]+2d Tan 9 approx. 
| | 2 
= os] 
7: 2 
Basic Basic = " = * 
Dia. | Dia. | Chord | Chord 1(ZB —Z)| aN = t e.; 
Firm | Size of | over over | Width | Width K x 5 B 
No. | Rollers | Rollers | Rollers or An. - — ata) ; Mean 
i 2 ZB W Wea K | Wap —W N= a S d 2d Tan @ Value 
alee a a 
ts ~ = 
: tl a! ane | 
I "154 4] °156 4 - ‘002 O ‘007 0 +003 0 ‘OOI I -*000 5 | ‘000 4 | -008 5 
"I51 4 “005 0 
7 "172 8 | 1-232 4] 1°2344 — |2-o1] ‘oor ! “002 9 "003 05 ‘OO! 1 +-*OOI ‘000 7 | -004 7| 
12308 ‘oor 8 
ee eee ee EE SS a = 3 ee 2 — 
25 *172 8 | 11-2260] 1°2344 — 2°01 ‘004 2 ‘008 9 ‘002 7 ‘OOI O + -OO1 ‘000 7 | -o10 6 
1°225 0} ‘004 7 
26 "155 41 °156 4] — ‘O01 O 003 7 +003 0 ‘OOI 1 + -OOI ‘000 7 | *005 5 
*153 7 ‘002 7 
Work- o 
ing -168 I*2IQI| 12191 — — 2°10} +003 ‘003 0 ‘002 95 ‘OOI I +°OOI 5] ‘OOI I | 0052 
Group 12128 
220 











































































































TABLE 4 FUNCTIONING REQUIREMENT 5F 
I = A, — B, + 3 (5a + db) 
Firm Dimension Interference Firm Dimension Interference 
No. I No. : 
A, (Item 6) | B, (Item 1) A, (Item 6) | B, (Item 1) 
I "498 25 ‘498 05 ‘000 2 16 "499 9 ‘499 6 ‘000 3 
+000 25 +:°000 25 +000 5 +000 I +000 2 +:000 3 
2 "498 0 "499 45 —*O001 45 19 "498 4 "498 2 ‘000 2 
+-000 5 +:*000 25 +-000 75 +-000 2 + +000 4 +-o00 6 
3 "498 4 *498 2 ‘000 2 21 ‘496 8 -496 6 “000 2 
+:000 4 +:000 4 +-o00 8 +:*000 2 +:000 4 +-o00 6 
4 “499 7 500 I —-000 4 23 500 I ‘499 9 “000 2 
+-000 I +-000 I +000 2 +:000 I +-000 I +-000 2 
6 ‘499 75 ‘499 55 ‘000 2 25 ‘499 8 "499 6 ‘000 2 
+:000 25 +:*000 25 +000 5 +°000 2 +:000 3 +*000 5 
7 “498 25 "499 2 —*000 95 26 *500 6 "500 4 ‘000 2 
+:000 25 +-000 2 +-:000 45 +-o000 2 +-000 4 +-o00 6 
8 498 4 498 2 ‘000 2 28 "499 75 *500 25 —-000 5 
+-000 4 +000 2 +-o00 6 +-000 25 +*000 25 +000 5 
9 "490 2 "490 O ‘000 2 35 -484 85 *484 7 “000 15 
+:000 3 +000 3 +-o00 6 +:000 15 +:000 3 +:000 45 
10 "499 25 *499 O “000 25 Work’g 499 65 "499 4 ‘000 25 
+:000 25 +:000 5 +:000 75 Group +:°000 35 +:000 35 +:000 7 
11 ‘499 8 “499 6 “000 2 
+000 2 +000 4 +-oo00 6 
TABLE 10 FUNCTIONING REQUIREMENT 5L—Continued 
E = Tan 9 [+pitpztPr+pr) + 8S + dT 
2 2 
Firm Pi +p, Pr Pitp,;+...| (Tang) x 8S or 8T E B 
(pit+pzt+.-.-)} 2 2 Max. (See also Table 9) 
I ‘OO! ‘OOI 5 004 ‘OOl 5 OO! 5 004 5 008 5 + -004 5 
7 002 002 “006 “002 2 000 35 ‘002 9 004 7 + ‘002 9 
25 002 ‘OO! 004 “OOI 5 000 25 “002 O ‘010 6 + -002 0 
26 002 “000 5 003 ‘OO! I 000 85 002 8 005 5 + ‘002 8 
Working 
Group 003 ‘O01 005 ‘oo1 8 OO! 5 004 8 005 2 + ‘004 8 
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TABLE 5 FUNCTIONING REQUIREMENT 5G 
C B, A, + 3 (8b da 
Firm Dimension Clearance Firm Dimension Clearance 
No. C No. C 
B, (Item 2 A, (Item 7 B, (Item 2 A, (Item 7 
I "502 25 "501 25 ‘OO! O 16 ‘501 0 "499 9 ‘OO! I 
+ "OOO 25 “000 25 tf “O00 5 “000 5 “000 I t “OOO 6 
2 ‘501 45 “500 6 ‘000 85 19 -498 2* "499 4 +--OOI 2 
+ +000 25 ‘000 I + +000 35 + -000 4 ‘000 4 +-o000 8 
3 "502 4 ‘SOI 4 ‘O01 O 21 ‘497 8 496 8 ‘OOI O 
+ +000 4 ‘000 2 + +000 6 ‘000 4 ‘000 2 +-000 6 
4 ‘SOI O05 ‘499 65 ‘OOl 4 23 "500 O ‘498 5 ‘OOI 5 
t O00 35 “000 35 + °O00O 7 “OOO 5 "000 5 tr ‘OO! 
6 "500 75 "499 75 ‘OOI O 25 500 8 -499 8 ‘oo1 8 
t+ OOO 25 ‘000 25 t*'O00 5 ‘000 3 “000 2 ¢*000 5 
7 ‘501 8 ‘501 O ‘000 8 26 “500 4 ‘499 4 ‘O01 O 
rT °*OOO 2 ‘000 2 t “O00 4 “000 4 +t "000 2 tr ‘000 6 
8 "50% “SOI ‘002 O 28 ‘501 25 "4909 75 ‘OOI 5 
593 4 j°! 4 a 5 499 75 a 
+ -o000 6 ‘000 2 +-900 8 ‘000 25 “000 25 t+*O00 5 
9 "490 O *489 oO “OO!I O 35 485 7 *484 85 “000 85 
tr °O00O 3 “000 3 t ‘OOO 6 “000 5 “000 15 7 *000 65 
10 "500 5 499 25 ‘OOI 25 Work’g 500 6 ‘499 65 ‘000 95 
t ‘O00 5 “000 25 t “O00 75 Group “000 35 “000 35 tr *O0O0 7 
11 “500 8 ‘499 8 ‘OOI O 
+000 4 ‘000 2 + -000 6 
* Probably an error. 
TABLE 11 VARIATION IN STATED DIMENSIONS 
Dimension Item 1 | Item 2 Item 5 Item 6 Item 7 Item 8 | Item 12 | Item 15 | Item 17 
Fig.3 | Fig. 4 Fig. 5 Fig. 6 Fig. 7 Fig. 8 Fig. 9 Fig. 10 
A 13/18 | 13 18 4/13 12/18 15/17 | 6/12 14/18 4/15 3/18 ; 
| = = — a ) Seen = eee 
B 17/18 18/18 5/13 6/10 | 14/17 5/16 
: 2 > aa aa a : a = eas 4 
C 11/18 11/18 9/15 10/17 | = 7/16 - 
D 4,6 4/6 13/18 8/14 - | 
E ” " 13/18 - - 
} piri wa. Ri emataaeatins - aoe a — 
F 11/18 | - 15/18 
G 15/18 | 12/17 — 
. 9/13 — 
. - 9/17 — — — 
L | 15/18 - — ity 
M | — 9/18 — — - - 
| 
































* Gear Tooth Measurement- 


See Table a. 






















































































TABLE 6 FUNCTIONING REQUIREMENT 5H 
I= A, —F,; + 3} (6a + Of 
Firm Dimension Interference Firm Dimension Interference 
No. |——_-—" I No. I 
A, (Item 7 F, (Item 5) A, (Item 7 Fs Item 5 
I *jOI 25 "500 25 ‘OOI O 16 ‘499 9 "499 O ‘000 9 
+000 25 +000 25 +000 5 1-900 1 | +-000 5 +-o000 6 
2 *500 6 “500 O ‘000 6 I ‘499 4 498 4 ‘O01 O 
+-:000 I +-000 5 +-000 6 ‘000 4 +-000 4 +-o00 8 
* "501 4 "500 4 ‘OOI O 21 -496 8 *496 125 ‘000 675 
+-000 2 +000 4 +-o000 6 “000 2 ‘000 375 +:000 575 
4 "499 65 "99! 5 OO! 05 23 "499 9 "499 5 "000 4 
+000 35 +000 5 +-000 85 ‘000 I +000 3 + +000 4 
6 "499 75 “498 75 ‘O01 O 25 ‘499 8 ‘499 8 ‘001 O 
+000 25 +000 25 +000 5 --000 2 +000 3 +000 5 
7 ‘501 O “500 2 ‘000 8 26 ‘501 “500 4 ‘001 O 
+-000 2 +-000 2 +-000 4 +-000 2 +000 4 +-o00 6 
8 “501 4 "500 4 ‘O01 O 28 "499 75 "500 25 ‘000 5 
+000 2 +:000 4 +-:000 6 --000 25 +-000 25 +000 5 
9 ‘489 0 -488 o ‘OOI O 35 484 85 484 0 ‘000 85 
+:000 3 +-000 3 +-o00 6 ‘000 15 ‘000 5 +-000 65 
10 "499 25 -498 25 ‘000 O Work’g ‘499 65 ‘498 6 ‘OOI O05 
+:000 25 +-000 25 +-000 5 Group ‘000 35 + +000 35 +:000 7 
11 ‘499 8 498 8 ‘O01 O 
+-000 2 +-000 4 +-o00 6 
TABLE 13 ANALYSIS OF GENERAL DRAWING PRACTICE 
Firms InpicaTeD By “ X” Cope NuMBER FOR FIRMS IN THE ANALYSIS 
Commonty USE: ~— }-—~— pears — + - = == - ~~ 
1)2)3/4 617/819 | 10] 11 | 16] 19] 21| 23| 25] 26] 28] 35 
Decimals for important dimensions X|X}/X|X}/X)X)| XX) xX] X]X) xX] X) XxX] X] X] XY] X 
Fractions for important dimensions X X X | X 
Decimals for unimportant dimensions | X } 
Fractions for unimportant dimensions X| X X}X)/X] XX] xX] X|X| XX) XX) X) XX] X] XX 
Overall tolerance note X |X| X X X | X X X|X]X 
Hole basis X|/X}]X)]X)] xX] xX] X X X |X| X X | X 
Shaft basis <e ss X}|X|]X] XX] X| xX) X X}|X}]X}]X| XX] XX] X X | X 
Unilateral tolerances for fits ... X}/X|X}]X|X) xX] xX X|X}X|X]X|]X]X] XK) X] X 
Bilateral tolerances for fits X X X | X 
B.S. 164 Limits and Fits X X X 
Newall system ... ee _ oe 
Important dimensions expressed as : 
Limits of size a X | X X xX X 
Design size and tolerances .|X|X]X X]|/X|X}X|X] xX XxX} X} X 
Basic size and limits of tolerance... X X X | 2 
Surface finish symbols WV xX xX 
Surface finish symbols f G X | 3 X X X | X X | X 
S.A.A. surface finish symbols X X 
U.S. surface finish symbols xX | 
Tolerances for concentricity, etc. X | X X | xX X | X 
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TABLE 7 FUNCTIONING REQUIREMENT 5K 
C=uLl,—A,+}(@+% 


































































































Firm Dimensions Clearance Firm Dimensions Clearance 
No. |— - -— C No. ~ C 
L, (Item 5 A, (Item 2 L, (Item 5 A, (Item 2 
I 1°205 5 1-199 75 -005 75 16 1-206 1*200 ‘006 
“000 5 t "OOO 25 7-000 75 t “OOO 5 t ‘OOO 5 + ‘OO! 
2 1*205 1°200 5 ‘004 5 19 1°204 5 1*199 "005 5 
t+ ‘Oo! rt "000 5 t°OO!I 5 t ‘OO! 5 t °OO! + °OO2 5 
3 1*206 1°197 “009 21 1*200 0 1*194 0 -006 
‘003 + "003 + 006 +006 6 t+ ‘OOI 2 +-oo1 8 
4 1213 1*200 ‘013 23 1*205 1-199 ‘006 
tr ‘OO! t “OO! + *002 t “003 t ‘OO! a “004 
6 1*205 1-199 “006 25 1°205 5 1199 5 ‘006 
+ +002 + -OO1 + *003 + -000 5 + -000 5 +-ooI 
7 1*207 1*200 ‘007 26 1°203 1*197 ‘006 
+ -OOI + -OO1 + +002 + -OO1 t+ +002 + +003 
8 1°200 6 1-198 6 ‘002 28 1*200 5 1°198 5 ‘002 
+ -o00 6 + -000 6 +*OOI 2 t+ ‘000 5 + -000 5 +-ooI 
9 1-206 1*200 006 35 1*207 1°201 “006 
+ ‘002 + ‘OO! t+ *003 + °OOI t °OO! + °002 
10 1*201 1°197 ‘004 Work’g 1-201 2 1°195 7 "005 5 
+ -oo1 + -OO1 + +002 Group + ‘OO1 2 + -OOI 2 +002 4 
II 1*204 5 1198 5 “006 
+ “OOI 5 + “GUE 5 + *003 
TABLE 8 FUNCTIONING REQUIREMENT 5K (Continued 
Cr =[(L,—A, B, —A;)—K,—P,] max. metal 
TABLE 12 
Dimensions (Max. metal , on a a as 7 P ’ 
Firm Ss artaaetaaes a VARIATION IN CONCENTRICITY ETC. 
No. | . TOLERANCES 
| fs | | 
i A, | B, | A, | K, l ym | oe 
Item 5)|(Item 2 Item 2)\( Item 7) (Item 2)](Item 5 ] | 
I *205 0 *200 0} ‘5020 501 5 “000 5 ‘OO! 00% ‘ | . : 
2 i? | intl | ete See Soop. Dimen- | Item 1 | Item 2 | Dimen-| Item 5 | Item 6 
16 1°205 5| 1°200 5|°500 5 *500 O | “OO! “OO1 5 | "002 sion Fig. 3 | F ig. 4 sion Fig. 5 Fig. 6 
25 1°205 0; 1*2000| *5005 *500 O “002 “002 “000 5 22 9/2 E " 2/2 
, 26 1*202 0] 1'1990| +5000 | -499 6 | 0005] oO 002 1 a : . | = Me a 
ae ——— —-— K 3,4 3/4 N 3/3 — 
Work- ae x= i 
ae | F r — 
Group 1.200 0/ 1.1960 g]| *500 25] *500 O “OO! “OO! 5} “000 35 4 4 | 4/4 4/4 
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12 H9d9 ‘Sh7N7 25 h10 l!OH8h7 ‘5H8h7 
RECESS 1'2500=IT9 ‘i | -SH7E7 










‘SHT7E7 







































































N° 2BA.MED 


3-16 UNC-2AB. 
-2HI2 


‘4HI2 


SECTION AA 
Fig. 1 











) 





SKE / 
SECTION AA 
Fig. 2 


Ort. Pump 


Item Description Req'd Drg. No. 
1 Driving Gear 1 OP.01 
2 Driven Gear 1 OP.02 
16 Circlip 1 OP.16 


17. #” 16 U.N.C. Hex Bolt 2 OP.17 
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X_ WIDTH OF KEYWAY END FACES SQUARE 




















END FACES SQUARE 
WITH BORE WITHIN 003 (H 0928 F WITH BORE WITHIN-0O3 
' 7 | 10X45 CHAMFER BOTH ENDS 
No X 45° CHAMFER 4 he Gy / 
a2 4 “FO 
re G 11969 7 — ly \ \ " 
Y £ N 4 ag E 
11969 5625 7; \ — ! {\ 12 : 
z ; \ i \ Sz '9 
11945 | —— Y \ 74 i) 4 
Y 5695 M Ri . 50095 OL- 128 
I on 7  2l9, 50025 
—_— / Y 
Y ro 2/83 | 2500 C t hah ( x 6) 
- - > ~ 168 (BASIC) DIA 
49975 | > ae ‘i rE 1246! Hoters Y 
49905 |, 12500 ~* 168 (BASIC) DIA 
3461 >{C ROLLERS D Fig. 4 
Fig. 3 Gear Driven O1L Pump 
Gear Drivinc O1L Pump Gear Date 
Gear Data Diametral Pitch . 10 
Diametral Pitch ... 10 P.C.D. “ ‘ 1.0 
P.C.D. pz. ves 1.0 No. of Teeth vr 10 
No. of Teeth rom 10 Pressure Angle... 20° 
Pressure Angle... 20 Involute Form 
Involute Form 
Concentricity Tolerances (M.M.) Concentricity Tolerances (M.M.) 
(K) Group 1 Dia. A na ... .001 dia. (K) Group 1 Dia. A = ... .001 dia. 
Bore B Datum ; 0 Bore B Datum aa 
(L) Group 2 Rollers D es ... .OO1 dia. (L) Group 2 Rollers D . .. .001 dia. 
Bore B Datum aw @ Bore B Datum cee Se 


General Notes 
Dimensions are in inches 
Sharp corners to be broken .01 rad. max. 
Untoleranced dimensions + IT 14 
Finish Vv all over 
M.M.= Max. metal 
Material—mild steel——-A.S.(E) D.543 


ee 9625) * 

| 12524 © 

coer . 5020 

M2476 Die —>| 2 _€0-5013 
| 


































































A=) () 1.0000 
Yj Vea | \ 9992 
A Jf | \ 
S 17, vA ~ w= 
¢ — 
o|- Mii zz 11 / fet ‘a if: J a 
o|= LA Ld, a SUE 6 - 
et — Tite . 
_ ~€) ‘49895 A 
> 49825 
77, ‘ G'2024 B: 
a CO, 12000 
Je 
“ye 7 
2 HOLES ©) -400 | 
‘407 
SECTION AA Position, Concentricity and Squareness Tolerances (M.M.) 
Fig. 5 (G) Group 1 r P) Group 4 
B On Pump Hole E ... .0015D. Hole L, .. soe CSD. 
Pac earstieae Hole F |. ... .0015D. Hole F Datum ... 0 
General Notes: Surface R Datum 0 Surafce R Datum 0 
Dimensions are in inches 
Sharp edges to be broken (.01 rad. max.) (N) Group 2 P) Group 5 
‘ Untoleranced fractional dimensions + IT 14 Hole E ... .. .0005D. 2 holes C cos JONG. 
{ Untoleranced decimal dimensions + IT 12 Hole E ... .. .0005D. Spigot K Datum 0 
¥ machined surface Surface S Datum 0 
(P.T.) indicates dimensions subject to group position (P) Group 3 
tolerances Hole L... ... .0015D. P) Group 6 
Material—cast iron—-A.S. B.26 grade “C” Hole E Datum ... 0 6 screwed holes M. .008D 
D.=Dia Surafce R Datum 0 Group | Datum 


226 





y— RECESS FOR B.S. WOODRUFF KEY N° 20 














WIDTH OF KEYWAY Se 
‘0918 
Ny 450 
i an 8 ‘500 16 x45 
fs (8) 293 D1 | 
\ Lortes. | | 
~~ eR ee + Y 





cs / STRAIGHTNESS TOL.-001 — €) ' 


a (MAX METAL) 


P ‘5000 
1561 / @ 4998 =. a 


‘S11 


85° 
PIN -064 DIA. ~+- 
(BASIC) 


DIA. UNDER PINS 














‘4375 
4305 ; 
] NOs RAD.MAX. 
095 
| ‘105 
GROOVE DETAIL 4:1 
Fig. 6 
SHart Driver Ort Pump 
1-625 R(PT. 


TOL. ZONE -O! WIDE 
| ©) 


| {25 (PT) ALL ROUND PROFILE 





11875 R.(P.T) 




















= 
— 
oI Ola. 
“ OT |— 
a c 
— , 
a) oir 
4 w |e ~_ 
n Ole 




















1-05 


“[pT) 














TOL. ZONES-Ol WIDE 
ALL ROUND PROFILE 


Fig. 8 
Gasket O1L Pump 


Position Tolerances (M.M.) 


Group 1 
6 holes C ... .008D. 
Profile B Datum 0 


General Notes 
Dimensions are in inches 
(PT) indicates dimensions subject to group 
position or profile tolerances 
M.M.=Max. metal 
D=Dia. 


Material—Manilla paper 























1-988 
2-012 ee 
= = 
t Bea 
4993 DIA: 
Fig. 7 
SHAFT IpLeER Ort Pump 


General Notes 
Dimensions are in inches 
Sharp corners to be broken (.01 rad. max.) 
Finish— Vv all over 


Material—mild steel—A.S.(E) D.543 


N° 10 BG (125) 
a 


— 


-6 HOLES ‘200 
‘205 
| .25(6),| 

















2 f- | ne 
Zz -tT- | e 
SH. —olE 
-_~ - SS 

NI & . 2... 

i. & of Bole 

he a 




















‘500 
HOLE (C) 390 j P2375 | 
= (PT) | 
TOL.ZONES -O! WIDE 
ALL ROUND PROFILE 
Fig. 9 
Oi. Pump Cover 
Position Tolerances (M.M.) 
Group | 
6 holes B .007D. 
Hole C .015D. 


General Notes 

Dimensions are in inches 
Sharp corners to be broken (.01 rad. max.) 
(PT) indicates dimensions subject to group 

position or profile tolerances 
M.M.= Max. metal 
D.=Dia. 
Material—mild steel 


A.S.(E) D.501 
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—Zo8 0948 
aa 0938 C ESQ’ WN , 
. GF VEN “AN 
I 0 , Wi, ORIVEN “ZA Bopy NX 
a ‘hi ‘Lida RQ WA 
203 (B) | t SHAFT } 
198 ‘2 B, A; — | 
7 :s Y 
General Notes Ns | 
Dimensions are in inches z.. X ‘ YY 
Finish Vv all over AN . 
Material—carbon steel—R.S.46 
y GASKET SMO a, 
Fig. Al /2 
g $1 y 
“A dR 
HOLE 3 IN ie sco 
DRIVING GEAR HOLE 5 IN 
DRIVEN GEAR 







SHAFT 2 
1 SHAFT 4 


or 





= 4 
--> 


/ } 
HOLE 7 IN BODY 
OF PUMP 


HOLE 1 IN BODY 
OF PUMP 





\ 





Fig. Al/1 Fig. Al/3 





APPENDIX 1 
CALCULATIONS FOR FUNCTIONING 
REQUIREMENTS 5D TO 5N 
(All dimensions are in inches 





1. Functioning Requirement F.R. 5D. C, + dc 1 -25h10 
The working clearance Cl is given by 2 
: ; ee 1-2480, + 0-0019, 
= Ds 3 1 + (As -— G, + = .. Mean Cl = 1-2500 + 0-0100 — 1-2480, 
ee . "She: Pigg 0-0119. 0-0120 ; "OX. 
where D, = mean size for dimension D on Item 5 le nil : | se . — 
A, mean size for dimension A on Item 8 eee See En i 
and C, mean size for dimension C on Item | 2 2 2 
and dd tolerance for dimension D on above + (0-0024 + 0-0010 + 0-0019;) 
da tolerance for dimension A above = 0-0053 ; . 
and ic tolerance for dimension C above. Hence Cl = 0-0119; + 0-0053;. 
Mean C/ = D, + A, — C, 2. F.R. No. 5(E). 
D; + dd = 1:25 + LT.9 Fit chosen -5h7E7 
2 giving hole E,; .. . -5020 
1-25 + 0-002 4 5013 
A, + 6a = 0-010 + L.T.9 = 0-010 + 0-001 and shaft A,... 5000 giving C = -002 + -0007 
2 -4993, 
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3. PR. Mo: 30). 
Fit chosen -5h7.N7 


giving hole B, .. . -49975 
-49905 

and shaft A, ... -5000, giving I = -00025 + -0007 
4993 


4. F.R. No. 5(G). 
Fit chosen -5h7.G.7 


giving hole B, .. . -50095 
50025 

and shaft A,... 5000, giving C =-00095 + -0007 
-4993 


5. F.R. No. 5(f). 
Fit chosen -5h7U7 
giving hole F, .. . 49895 
49825 


and shaft A, ... -5000, giving I = -00105 + -0007 
4993 


6. F.R. No. 5(K). 
Fit chosen |-2H9.d9 
giving hole L, ... 1-2024 
1 -2000 
A, ... 1-1969, giving C =-0055 + -0024 
1-1945 
K, = concy. tol. for A, with respect to B,. 
P; = concy. tol. for L,; with respect to F;. 
Make all calculations on the maximum metal 
conditions. * 
Then Cp, the clearance between A, and L, when 
pump is running, is given by 
Cr =[(L;—A,) — (B,—A,;) — K,—P,] max metal 
= -0031 — -00025 — -001 — -0015 
= ‘000 35 
* The maximum metal conditions do not theo- 
retically give the worst possible results for Cg but 
have been taken as the most practical criterion in 
this instance. 


and shaft 


7. F.R. No. 5(L). 


(a) Figure Al,3 shows diagrammatically the two 
gears in mesh. The backlash measurement is referred 
to the pitch circles of the gears and is assumed to be 
equal to the tooth thickness measured along the arc 
of the pitch circle of one gear minus the correspond- 
ing space width measured along the arc of the pitch 
circle of the other gear. 

Shaft 2 is a clearance fit (-Sh7E7) in hole | in the 
body and a press fit (-5h7N7) in hole 3 in the driving 
gear. 

Shaft 4 is a clearance fit (-5h7G7) in hole 5 in the 
idler gear, and a force fit (-5h7U7) in the hole 7 in 
the pump body. 

Let B = backlash measured at the pitch radius. 

T = mean gear tooth thickness along arc of 
pitch radius. 

R = pitch radius. 

S = mean space width of gear along arc of 
pitch radius. 

© = pressure angle for gears. 


D, = mean diameter of hole 1. (E,). 
D, = mean diameter of shaft 2. (Ag). 
D, = mean diameter of hole 3. (B,). 
D, = mean diameter of shaft 4. (A,). 
D, = mean diameter of hole 5. (B,) 
D, = mean diameter of hole 7. (F;). 
5T = tolerance for T. 

5T = tolerance for S. 

3, tolerance for D,. 

6, = tolerance for D,. 

5, = tolerance for D,. 

8; tolerance for D,. 

P, position tol. for hole | in body. 
Pp; = position tol. for hole 7 in body. 
Pp: concy. tol. for gear teeth in relation to 


bore. 
Referring to Figure Al 3 
8T = — 26R tan ¢ approx. 

where 8T is the increase in tooth thickness caused by 
an increase 5R in the radius R. ; 

The negative sign indicates that an increase in R 
leads to a reduction in tooth thickness. 
Then B = (S + 8S) — (T + 8T) + (D, — D,) 2 tang 

2 2 2 

+ (D,; — D,) 2tang 


+ 2 ie | t Pit Prt Pr =P) 


chi i 61 + 62 + 64+ 85 


The last term in the above equation will be 
neglected as being small in comparison with the other 
terms. 


. B= (S—T) + tang [(D,—D,) + (D;—D,)] 
+ E approx. 
where E = 2 tan i Pp, tPprtptp]+ss 
> 2 2 | 
+ 6T approx. 
9 


= Tang (+p) t+Pr+P+Pp]) 
+ 6S + dT approx. 
2 2 
Now let dS = 8T 003 
Pi P; ‘0015 
Pp: = ‘001 ; Tan g = -364 
and S-T = -003; D, —D,=-002; D;—D,=-00095 
hence B = -003 + -364 (-002 + -00095) + E 
= -003 + 0010, + E 
B =-0041+E 
Enax = °364 (-0015+ -0015+ -001+-001) 
+ 0015 + -0015 
= -0018, + -003 
Emax = *0048 
hence B “0041 + -0048 
If centre distance is increased by -0015 
Then reduction in tooth thickness 6T 
‘0015 x 2 x tang 
0011. 
With this increase in centre distance B=-0052 + -0048, 
This should be satisfactory. 


|| 


Il 
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b) Some firms toleranced the tooth thickness of 


the gears indirectly by quoting toleranced dimensions 
over rollers of specified size. In such cases it was 
necessary to calculate the corresponding limits for 
tooth thickness, and the method adopted is described 
below for the two sizes of roller involved in Table 9. 
The relation between roller size and diameter over 
rollers for the two gears is as follows: 
Roller Size Basic Diameter over Rollers, Zp 
-1680 dia. 1-21914 inch 
-1728 dia. -23445 inch 
The above sizes for Zg were obtained from 
Machinery’s Handbook 1946, (13th Ed’n), p. 854, 
but may also be calculated by the method of Bucking- 
ham and as illustrated in Appendix 2. 
The change in the diameter over rollers, 6Z, 
corresponding to a change in tooth thickness 5T is 
given by 


éZ = KST 
Where K 2-10 for -168 dia. rollers, 
and K 2-01 for -1728 dia. rollers. 


The above values for K have also been taken from 
Machinery’s Handbook above. 
The basic chord width of the teeth, Wg, is given by 
Ws = 2 x ‘5 x sin9 
*1564345 = -1564 approx. 
Hence a diametral measurement of 11-2191 over -168 


dia. rollers corresponds to a chord thickness of -1564 
for the teeth. Also a diametral measurement of 
1-2141 over -168 dia. rollers will correspond to a 
chord thickness for the teeth of 


1564 — (1:2191 —1-2141 1564 — -0024 
2-10 





-1540. 

Similar calculations can be made in regard to -1728 
dia. rollers. 

For the purpose of the analysis shown in Tables 
9 and 10, the backlash formula has been rewritten 
as follows: 

B = (S—T) + tang [(D,—D,) + (D,—D,)] 
2d tan 9 + E approx. 

where E = tangi+p,;+p,tp+Prl 
+ 65S + dT approx. 

2 2 
difference between the mean centre dis- 
tance quoted on the drawing and the 
basic centre distance. 


and d 


8. F.R. No. 5(N). 
Fit chosen | -OH8h7 
giving hole .... 1-0013 
1 -0000 
and shaft 1 -0000 
9992, giving C =-00105 + -00105 


APPENDIX 2 
CALCULATION FOR DIAMETER MEASUREMENT 
OVER ROLLERS IN GEAR TEETH 


Diametrical Pitch (D.P. 10, No. of Teeth (N) =10. 
Pitch Circle Dia. =1-0 inch. 


According to Buckingham, Manual of Gear 
Design, Section 2, 


Roller dia. 1-68 





DF. 
-168 
Let T, arc tooth thickness at radius r, 
r, given radius 
2 press angle at r, 
Qo press angle at centre of roller 
Tr. radius to centre of roller 
X radius of rollers 
M, measurement over rollers 
N no. of teeth in gear. 


Then, from Buckingham 


INV. r, + inv. 9, 4+ xX —T 
2r, r,coso, N 
M, = 2r, cos 9, + 2X 
cos Pe2 


Basic tooth thickness, 
T,= tT 3-1415926 


2DP 2 x 10 


-15707963 
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ry 5 
91 2. 
Then inv. 9, =+1570796+ -01490438+ 084 
3-1415926 
10 


-1570796 + -01490438 
*31415926 


+ +1787819 


-03660662 
2, = 26-62088, 
M, 1-0 x cos 20 1 -168 


cos 26-62088, 
1-051121 + -168 = 1-2191 
-1570796—Tolerance 
‘1570796 — -003 
-1540796 

hence inv. 9’, ‘03360662 

and 9’, 25:917725 
Then M’, 1-0 x cos 20°+-°168 
cos 25-917725 

‘04477 + -168 
‘2128 
‘2191 
2128 


Minimum tooth thickness T,’ 


— 


Hence Diameter over rollers is 


a | 





Se 





- - — 


APPENDIX 3 
ANALYSIS FOR 
FUNCTIONING REQUIREMENT F.R. 5L 
ALLOWING FOR PROBABILITY 


From Appendix |, Section 7, and using the same 
notation, the backlash, B, is given by the expression 
B = (S—T) + Tan 9 [{(D,—D,) + (D;—D,)] 
+ E approx. 
where E = + 8S + 8T + tang [p,+p;+p.+py 
2 2 approx. 
From the mathematical theory of probability the 


standard deviation for B is equal to the square root of 


the sum of the squares of the standard deviations for 

S, T, D, etc. 

Let é, standard deviation for frequency dis- 
tribution for B. 

= standard deviation for frequency dis- 
tribution for S. 

and so on. 

5s)? may be written p,(d5s)?, (Sr)? may be writ- 

2 
ten as yy(ST)? and so on, where 8S, dT, etc., are the 


and és 


tolerances for S and T, etc., respectively, and hence 
5S, 5T, etc., are the maximum permissible deviations 
7 se 

from the mean values of S, T, etc., us, wr, etc., are 
constants depending upon the shape of the distribu- 
tion curves for S, T, etc. 


It is assumed that ws = wr = pp, etc. = p = |. 

5 

The value of | corresponds to a frequency distribu- 
2 


tion lying somewhere between the rectangular and 
triangular distributions. This in turn corresponds 
to fair control over the limits of the appropriate 
dimensions in the workshop. 

Hence (5g)? = pw [(5S)? + (8T)? + tan?» 


2 2 
(Pi? + py? + pr? + pe + pr*)). 


Increase tolerances to the following 


8S = 8T = -004 inch; p, =p, 

pr = °002 inch 

B = -004+ -0010, +E 
= 0051 +E 

dp)? = 1x10 ° [4444 


‘003 inch 


3642/9494 444 


— Of 


<10°® 843-44 


No 


-288 x 1075 
am dz ‘00151 
and 3-09 dp ‘00467 = -0047 inch approx. 
Hence B ‘0051 + -0047 inch. 
.. Max. B -0098 inch. 
Min. B -0004 inch. 


The distribution for B may be assumed to follow 
the Gaussian or probability law since B is composed 
of six independent variables. If the functioning 
tolerance for B is equal to 3-095, then only one 
assembly in 500 is likely to have values for B in excess 
of that tolerance. Hence only one in 1000 assem- 
blies may be expected to have backlash greater than 
‘0098 inch and only one in 1000 assemblies may be 
expected to have backlash less than -0004 inch. 


This would be quite satisfactory in practice. 


It should be noted that by taking probability into 
account as described above, the following percentage 
increases in tolerances are obtained: 


(a) Thickness of gear teeth An < wnt 
(6) Positions of holes for shafts in body ... 100% 


(c) Run-out of gear teeth with respect to 
bore ... ae nee — a. TRG% 


APPENDIX 4 
NOTES ON BS 164 PART I: 1951 (DRAFT) 
AND BS 308 (DRAFT) 
REVISIONS OF DIMENSIONING AND 
TOLERANCE SECTIONS 


The standard limits and fits system applies par- 
ticularly to fits between cylindrical parts, briefly 
designated as “holes” and “shafts”, although the 
data may be applied in appropriate cases to fits 
between non-cylindrical parts, “ size” referring to a 
length, width or dimension other than a diameter. 
B.S. 164, Part I, comprises suitable combination of 
16 qualities of tolerance or grades of accuracy of 
manufacture and 21 grades of fit for both hole and 
shaft, ranging from fits of extreme interference to 


those of extreme clearance. Most engineering re- 
quirements, from very coarse work to fine gauge 
manufacture, are covered by this system which covers 
the size range from .04 to 19.686 inches. A unilateral 
hole basis is recommended, but a full range of holes 
suitable for use on a shaft basis system, unilateral or 
bilateral, is also included in the tables. It is intended 
that a particular industry or organisation should 
extract and use those limits which suit its own pro- 
ducts; further guidance in the selection of recom- 
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mended tolerances for a wide range of standard 
applications is to be published as Part 2 of the 
Standard. 


In order to obtain strict interchangeability between 
parts made to the ISO Metric System of Limits and 
Fits and to the equivalent Inch system, the tolerance 
values have been obtained, not from ISO tolerance 
formulae, but by direct conversion of metric toler- 
ance values. Both metric and the equivalent inch 
system tables are given by B.S. 164, the method of 
compiling the tables being identical with that used 
in the ISO system, namely : 


(i) The 16 fundamental tolerances (called IT1 to 
IT 16) are obtained by converting and rounding 
the metric values. 

(ii) The fundamental limits of tolerance (“A” to 
“Z” for holes and “a” to “z” for shafts) are 
also obtained by converting and rounding the 
metric values. 


(iii) The final limits of tolerance are obtained by 
adding the fundamental tolerances to, or sub- 
tracting them from, the fundamental limits of 
tolerance. 


The diameter increments or steps used to subdivide 
the range of sizes is based partly on preferred (metric) 
numbers and partly on Continental practice, the 
direct conversion to convenient inch equivalents being 
used in the translated Inch tables. 


Some recommendations on the choice of fits for 
ordinary engineering purposes of interference and 
clearance are given, while, for the convenience of 
users changing over to the new system, a table re- 
lating the ISO fits to the equivalent and probably 
better known fits of the Newall and B.S. 164 :1924 
systems appears as an appendix. 

Tables of preferred basic sizes are included to 
obviate indiscriminate selection of dimensions. They 
consist of one table of binary (or fractional) sizes and 
another of decimal sizes, the choice of which table to 
use as standard being left to the user. Each is a series 
of progressive sizes graded as first, second (or later) 
“choice” from the point of view of selection as a 
basic size, the binary table consisting of 4, 4, 4, 1/16, 
1/32, 1/64 and multiples, while the decimal series 
incorporates steps of .05, .1, .2, .5, etc., over the 
range .01 to 20 inches. The “ first choice” values of 
the binary table are being made the basis for B.S. 
bearings, oil seals, etc., and should be used for shafts 
requiring standard bearings and other associated 
items. 


Procedure of using B.S. 164 Limits and Fits may 
be summarised as: 





(1) Selection of a basic size—preferred. 


(2) Specifying letter and grade of tolerance for one 
mating element from the manufacturing pro- 
cess tolerance estimate. 

(3) From the functioning requirement desired, a 
fit is chosen involving the already selected ele- 
ment, thus finding the letter and grade of 
tolerance required on the mating part. 
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(4) The values of actual limits of size, for the basic 
size and selected letter and number grades, are 
obtained from the B.S. 164 Tolerance tables. 

B.S. 308 on “ Drawing Office Practice ’’, Sections 12, 
13 and 14, ensures a reasonably uniform practice in 
the expression of drawing dimensions and tolerances, 
and also provides means of tolerancing such geo- 
metrical characteristics as position, squareness, 
parellelism, straightness, flatness and concentricity. It 
points out, however, that the whole comprehensive 
system of tolerancing need not be applied unless the 
circumstances are such that material advantage will 
accrue from the increased drawing work entailed. 

Sections dealing with the choice of datum for 

dimensioning, tolerancing practice, dimensions and 
notes, special features, and the geometrical character- 
istics above, are included in the Standard. The 
Specification gives three methods of expressing limit- 
ing dimensions and tolerances— 


Method A: Specifying directly both limits of size 
e.g. 2.5000 2.498 
2.5014 2.494 


Method B: Specifying one limit of size with a 
tolerance in one direction only 
e.g. 2.5000 2.498 
+.0014 —.001 
Method C: Specifying desired size with a toler- 
ance disposed above and below the size, not 
necessarily equal, one may be zero: 
+ .0003 


eg. 2.5007 + 0007 = 2.4977 “on 97 


Machining and Roughness symbols are also treated 
in some detail, the “tick” symbol being recom- 
mended for the concept “ machined surface ”, where 
grade, roughness or process are not defined. 


The symbol may sometimes be omitted where it is 
known the surface concerned can only be obtained 
by machining and where the finish produced by 
normal processes is acceptable. Where it is necessary 
to specify the maximum roughness or roughness 
range that can be permitted, the appropriate rough- 
ness number(s) (in micro-inches) is to be placed inside 
the tick symbol, while the machining process is to be 
added as a note where the required characteristic of 
a surface can only be produced by one particular 
process such as lapping, honing, etc. Provision is 
made for indication of machining marks “lay” and 
the roughness assessment “sampling lengths”, and a 
recommendation is made to restrict choice of index 
numbers to the British Standard B.S. 1134’s preferred 
roughness grades of— 


1, 2, 4, 8, 16, 32, 63, 125, 250. 500 and 1.000 
micro-inches C.L.A. 





CORRIGENDUM 


Owing to a printing error, one of the figures 
quoted in the Paper, “Effective Utilisation of 
Material”, published in the March Journal, is in- 
correct. On page 176, the figure “ 1184 Ib.”, which 
occurs in the second paragraph, should read 
“1814 Ib.”. 
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SOME PRESENT DAY TRENDS IN 
ENGINEERING METROLOGY 


by C. O. TAYLERSON, M.B.E., 
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Metrology Division, National Physical Laboratory. 





Mr. C. O. Taylerson 


An abridged version of the Paper presented to the Coventry Section of the Institution, 20th November, 1952 


HE march of progress in engineering metrology 

has been considerable since the turn of the 
century. This has been due largely to the impetus 
of the two intervening World Wars. In both Wars 
there was a heavy demand for interchangeable parts 
of a precise nature and mass production of this kind 
would be quite impossible unless controlled by even 
more precise measuring techniques. Prior to 1914 
engineering measuring equipment available rarely 
went beyond the hand micrometer or calliper gauge, 
whereas today there is a seemingly inexhaustible 
supply of equipment available for making almost any 
type of measurement that is likely to confront the 
modern engineer. Such is the progress that has been 
made. 





Fig. 1 ©.S.I. Bench Microscope for measuring small screws 


Optics as an Aid to Measurement 

Optical methods of amplification are extensively 
employed in modern measuring instruments; indeed, 
this technique is applied nowadays to some machine 
tools. This is no new departure, as some of the 
earliest measuring instruments produced, of which 
the bench microscope (Fig. 1) is an example, made 
use of optics. Then during the First World War the 
optical projector (Fig. 2), a British invention, was 
introduced and developed. There are produced to- 
day in many countries countless types of optical 
projectors for use in engineering metrology. Fig. 3 
shows the N.P.L. heavy type projector. 

It was during the 1930’s that Carl Zeiss of Ger- 
many introduced optical methods of amplification to 
a number of measuring tools and instruments. Zeiss 
first fitted the reading microscope to these. This 
meant pioneer work as there was a natural aversion, 
particularly in the workshop, to the use of the 
microscope. A typical example was the toolmaker’s 
microscope (Fig. 4). This instrument was an answer 
to certain limitations of the optical projector. It was 
not possible on this latter instrument to project, at 
one setting, an object much greater than about one 
inch in size. The toolmaker’s microscope overcame 
this limitation. By mounting a microscope, to be 
used fiducially, over a co-ordinate slide controlled by 
micrometers set at 90° to each other, objects in one 
plane up to 4 inches by 2 inches in size could be 
measured. Other measuring tools to which optical 
principles were applied followed in quick succession; 
these included the optical dividing head, the optical 
rotatable table and the optical protractor. 

The immediate effect of the introduction of optics 
to these tools and instruments was to increase their 
efficiency and also to enhance their accuracy of 
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Fig. 
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Fig. 2 Early N.P.L. projector 


N.P.L. heavy work projector 


measurement. The dividing head is an interesting 
example in this respect. In its earlier form the 
accuracy of this measuring tool was dependent on 
the accuracy of its internal gearing and, because of 
limitations in the latter, errors in angular measure 
up to two or more minutes of arc were quite com- 
mon; furthermore, any subsequent wear on the 
flanks of the gear teeth would immediately cause a 
change in the calibration value of the head. With 
the introduction of optics to this tool, an internal 
circular glass scale was mounted concentrically with 
respect to the axis of rotation of the head and 





Fig. 4 Zeiss toolmaker’s microscope 








———————— 


observed through a microscope fitted to the exterior. 
In this manner the accuracy of the head was no 
longer dependent on that of its gearing, the latter 
being retained merely as a means of rotation, the 
control of which was obtained by observing the in- 
ternal glass scale through the exterior microscope. 
Thus any possible subsequent deterioration in the 
original accuracy of the head, caused through wear 
on the gear teeth, was eliminated. In addition, an 
enhanced accuracy was derived directly from the 
internally fitted scale, as this could be produced to a 
much higher degree of accuracy than could the 
gearing which controlled the accuracy of earlier 
dividing heads. 

This upward trend in the accuracy of measuring 
tools and instruments had its natural repercussions; 
for example, new methods of test had to be evolved 
for checking these higher accuracies. A number of 
the tools to which reference has been made deal with 
circular measure. Now the autocollimating telescope, 
which was developed between the two World Wars, 
was found to be eminently suited for coping with the 
higher accuracies in this field. Therefore in consider- 
ation of the importance of this instrument in present 
day metrology and in view of the fact that it is being 
produced and used in increasing numbers, reference 
will be made to it in some detail. 


The Autocollimating Telescope 

The autocollimating telescope, which for brevity is 
usually referred to as the autocollimator, is an optical 
instrument designed to measure to a high degree of 
precision small changes in the inclination of a reflect- 
ing surface. Although this instrument is intended 
primarily for use in making angular measurements 
it can also be readily employed for making linear 
measurements, and it is this feature that makes it so 
valuable a tool in the hands of the metrologist. 

It is simple in principle. An illuminated crosswire 
or graticule is held in the focal plane of an achro- 
matic collimating lens, so that image forming rays 
emerge beyond the collimating lens in a parallel 
beam. A reflecting surface held in the path of the 
parallel rays, and normal to them, will return the 
image so that it is ultimately brought to a focus in 
the plane of the object. Small inclinations in the 
reflecting surface will cause the image to be displaced 
and the magnitude of this displacement is measured 
by means of a micrometer microscope. The relation- 
ship of this image displacement to the inclination 
of the reflecting mirror is given by the equation 
m =f6@ where 

m=the displacement of the image as measured 

in the microscope, 

f=the focal length of the collimating lens, 

6 =the inclination of the reflecting mirror. 
Therefore, from a knowledge of the image displace- 
ment and the focal length of the lens, the inclination 
of the mirror is readily determined. A modern type 
of autocollimator is illustrated in Fig. 5. In practice, 
the divisions on the drum of the micrometer micro- 
scope are in terms of angular units, so that any 
change in the microscope reading indicates directly 





Fig. 5 Watts autocollimator 


the change in the inclination of the reflecting mitror. 
The modern type of autocollimator will read directly 
to 4 second of are and, by estimation, to 0.1 second. 

The image displacement can be measured in either 
the horizontal or the vertical plane. This is a 
valuable feature of the instrument. Among _ its 
many uses can be mentioned the checking of the 
straightness of surfaces in either the horizontal or the 
vertical plane, the squareness of the end faces of a 
length bar with respect to its axis, the squareness of 
a micrometer face to its axis of rotation and the 
angular calibration of rotating members. For these 
last measurements the autocollimator has to be used 
in conjunction with combination angle blocks or 
polygons—both of which will be referred to in this 
Paper. 


Angle Gauge Blocks 

Angle gauge blocks are valuable accessories for use 
with the autocollimating telescope. A system of 
combination angle blocks was devised by the late 
Dr. Tomlinson, of the N.P.L., during the early part 
of the last War. By means of this system, any 
required angle can be quickly built by wringing to- 
gether a few pieces taken from a set of angle blocks. 
A set consists of twelve angle blocks having wringing 
faces 3 inches long by 32-inch wide. The system 
makes use of the fact that angles may be added or 
subtracted with equal facility and it is this property 
that makes a small set of only twelve suitably chosen 
angles so very flexible. The key values of the angles 
are : 

3, 9, 27 seconds. 
1, 3, 9, 27 minutes. 
1, 3. 9, 27, 41 degrees. 

A set of these angle blocks used in conjunction with 
a precision square block makes it possible to build 
any desired angle to within 14 seconds of arc. An 
example of the building of a combination of angle 
blocks to give a required angle is as follows :— 

Assume a required angle of 37° 21’. 

This is obtained by combining the following indi- 
vidual angle blocks 
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Fig. 6 N.P.L. type 5° polygon (72-sided) 


Measuring Polygons 


The polygon is a natural development of the angle 
gauge block and is used, in conjunction with an auto- 
collimator, for checking the precision of rotational 
movements. 

Essentially, the type of precision polygon devised 
by the N.P.L. consists of a polygonal block of 
hardened steel having highly lapped side-faces 
successively inclined to each other by a common 
angle. This angle may have any convenient value 
within limits. The most common exterior angle of 
inclination is 30 degrees, but polygons having ex- 
terior angles ranging between 5° and 72° have been 
manufactured. The limiting factor is the minimum 
size of the reflecting side face that can be tolerated, 
having regard to a convenient diameter for the poly- 
gon. Fig. 6 illustrates a 72-sided polygon. 

Polygons can also be produced satisfactorily in 
glass, but when glass is employed it is essential that 
the side faces are treated so as to increase their 
reflecting powers, otherwise a totally inadequate 
reflected image will result. 

A polygon of first-class finish, used in conjunction 
with a suitable autocollimator, will permit of angular 
measurements to within an accuracy of 1 second 
of arc. 

Fig. 7 illustrates the use of a 30° polygon in con- 
junction with an autocollimator for examining the 


accuracy of an optical rotatable table. The principle 
of measurement is self-evident; rotations of the table 
are being compared directly against the known in- 
clinations of the side-faces of the polygon through 
the medium of the autocollimator. 


Small Angle Generator 


It has been shown that rotational calibrations can 
be made by using known polygons in conjunction 
with an autocollimator. It could be shown that 
polygons can be calibrated to a high degree of pre- 
cision without reference to any exterior standard 
angle. There still remains the possibility of errors 
in the autocollimator which, if uncorrected, would 
give rise to faulty calibrations. It is obviously 
necessary, therefore, to examine critically the auto- 
collimator for any possible inherent errors. The small 
angle generator has been designed specially for this 
purpose. This is illustrated in Fig. 8 with an auto- 
collimator under calibration in position. The 
generator makes use of the sine-bar principle. A sine- 
bar arm just over 20 inches in length carries at one 
end a rigidly held bracket fitted with a small optical 
mirror. The length of the sine-bar arm can be 
measured quite easily to the required accuracy. This 
arm rotates about a pivot in the vicinity of the 
bracket and a control of its rotation is obtained by 
inserting slip gauges between a ball contact, attached 
to the remote end of the sine-bar arm, and a three- 
ball anvil attached. to the main casting of the instru- 
ment. Thus angular tilts of the sine-bar arm can be 
generated to a high degree of precision. 

In use, the autocollimator which is being cali- 
brated is mounted on a geometrical support fitted to 
the main casting of the instrument so as to receive 
reflections from the face of the optical mirror 
attached to the sine-bar arm. Thus accurately con- 
trolled and known angular movements of the mirror 
are compared directly against angular changes 
indicated by the autocollimator and the errors in the 
iatter thereby detected. The accuracy of the gener- 
ator is +0.2 second of arc. 





Fig. 7 Calibrating rotatable table using autocollimator and 
polygon 











High Magnification Optical Projector 

The optical projector is a well known and ex- 
tremely useful instrument for examining profiles and 
shapes that would prove difficult and laborious to 
measure by ordinary co-ordinate methods. 

A projector was recently constructed at the N.P.L. 
which operates at magnifications ranging between 
500 and 1,000 times. This is a special purpose 
apparatus limited to the projection of small parts 
where extreme accuracy is required. 

One of the uses of this projector is the critical 
examination of the radii of diamond-tipped pene- 
trators employed in the determination of the hard- 
ness of metals. 


Application of the Autocollimator to Measuring 
Instruments 
The autocollimator has been used recently at the 
N.P.L. in the construction of two experimental 
machines for measuring the internal diameter of 
plain cylinder bores to a high degree of precision. 


Pneumatic Gauging 

Gauging by pneumatic methods is no new de- 
parture, for it was during the period between the 
two World Wars that the Solex low pressure pneu- 
matic micrometer was developed. Then, during the 





Fig. 8 N.P.L. small angle generator set-up for calibrating 
an autocollimator 


last War, General Motors-Holden Ltd. of Australia 
introduced a high pressure system of pneumatic 
gauging and this system was further developed at 
the N.P.L. for inspecting parts produced. in large 
quantities. Since this time, however, there has been 
a marked increase in the employment of pneumatic 
gauging in workshops, inspection and _ standards 
rooms. 

During recent years the principle of pneumatic 


oy 





Fig. 9 N.P.L. machine for continuous recording of effective 
diameter of plug screw gauges 
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Fig. 10 N.P.L. machine for continuous recording of effective 
diameter of ring screw gauges 


gauging has been applied to measurements in the 
following spheres : 

Assessment of surface finish. 

The continuous gauging of fine wire (0.000 02 

inch on wire as fine as 0.001 inch in diameter). 

The measurement of small bores. 

The continuous measurement of textile materials. 

The use of pneumatics is also being applied to 
control motions and settings on machine tools and, 
with the aid of additional equipment, it could be 
used to sound alarms, stop machinery, etc. 


Dynamic Metrology 

A new term, dynamic metrology, has come into 
being during recent years. Dynamic metrology is 
the technique of measuring small variations of a 
continuous nature. This is a very useful technique, 
as quite obviously it is much more valuable to obtain 
a continuous measurement over a surface rather than 
a few individual measurements at isolated positions 
on the surface. Brief reference will be made to four 
examples of dynamic metrology. 


(a) Continuous recording of the effective dia- 
meter of a plug screw gauge 

A recent development at the N.P.L. is the produc- 
tion of the continuous effective diameter measuring 
machine, which incorporates the advantages of the 
modified version of screw diameter measuring 
machine for rapid comparative measurements with 
the additional provision of a graphical record. This 
machine is illustrated in Fig. 9. Here the plug screw 
under measurement is mounted between centres. 
The ordinary micrometer carriage is replaced by one 
carrying two opposing stylus points which contact 
the plug screw; one is rigidly mounted and the other 
is mounted on a flexible steel strip. The flexibly 
mounted stylus is connected, through a bell crank 
lever, to a T.T. & H. electrical recorder. The two 
stylus points are appropriately spaced by half the 
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pitch of the thread under measurement. The plug 
screw under test is rotated by a small hand crank 
and variations in diameter are indicated on a graph 
by the recording unit. To obtain the absolute size, 
a plug screw of known diameter is first mounted be- 
tween the machine centres and this provides a datum 
line on the graph. The screw under test is then 
mounted between the machine centres and a con- 
tinuous curve obtained from which size and variation 
in size can be deduced. The accuracy of repetition 
possible by this method is +0.000 03 inch and to: 
absolute size the accuracy is +0.0001 inch. 

This technique has been extended to the measure- 
ment of ring screw gauges, and is illustrated in 


Fig. 10. 


(b) N.P.L. method for obtaining a continuous 
pitch record of a screw cutting lathe 

This method is illustrated in Fig. 11. A master 
screw of precise pitch is mounted between the centres 
of the lathe it is required to test. The thread of this 
master screw is contacted by a small freely moving 
wheel mounted in a fitting integral with the lathe- 
saddle. The lathe is geared to the pitch of the 
master screw and is set in motion. Any errors in the 
travel of the saddle will give rise to differential move- 
ments between the small contacting wheel and the 
pitch of the master screw. These small differences 
are indicated on a T.T. & H. electrical recorder in 
the form of a continuous graph. By studying the 
pattern of this graph it is possible to identify errors 
in the lead screw, gear wheels or other rotating 
members of the lathe. It will be appreciated that by 
this method the overall performance of the move- 
ments of the lathe can be assessed. 


(c) Method of checking micrometer screws 
autographically 

Where it is necessary to check the accuracy of 
micrometer screws in large numbers the orthodox 
method of calibrating the screws against slip gauges, 
whilst accurate, is slow. A method has been devised 
at the N.P.L. for checking such screws autographi- 
cally. The general arrangement of this scheme is 
shown in Fig. 12. An accurately cut screw having a 
pitch equal to that of the micrometer screw serves 
as the master screw. The pitch of this master screw 
is determined independently. The micrometer head 
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Fig. 11 N.P.L. method for obtaining continuous pitch record 
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Fig. 12  N.P.L. methodof checking micrometer screws auto- 
graphically 





is clamped to the master screw so that its barrel and 
therefore its nut rotate integrally with the master 
screw. The thimble of the micrometer, which is 
rigidly attached to the micrometer spindle, is pre- 
vented from rotating by the frame which supports 
the nut of the master screw and also an electric 
measuring head. Although the thimble is prevented 
from rotating, it is free to move by small amounts in 
an axial direction corresponding to differences be- 
tween the axial travel of the master screw and that 
of the micrometer spindle. These small differential 
movements are continuously transmitted via the elec- 
tric measuring head to a recorder and finally appear 
in graphical form on a moving paper strip. This 
graph is a continuous record of the difference in 
pitch between the master and micrometer screws. 
After making allowances on the graph for any known 
errors in the pitch of the master screw, the pitch 
errors of the micrometer screw are readily deter- 
mined. 


(d) The Taylor, Taylor & Hobson “ Talyrond”’ 

One of the most recent additions in the field of 
dynamic metrology is the Taylor, Taylor & Hobson 
“Talyrond”. This is essentially a single-purpose 
instrument designed for automatically recording 
deviations from roundness of internal and external 
cylindrical surfaces such as balls, rollers, ball races. 
etc. The object to be measured is placed on, and 
held to, the work-table of the instrument. An elec- 
tric displacement indicator is mounted on a vertical 
spindle of extreme accuracy and is rotated round the 
inside or outside of the part to be examined. The 
signal from the indicator is amplified and is then 
applied to a form of polar co-ordinate recorder 
giving straight radial ordinates on ‘“ Teledeltos” 
paper. The graph obtained, which is circular in 
form, shows the amount by which the periphery of 
the work being tested departs from a true circle. 
The accuracy of the test is limited only by any 
residual error in the truth of running of the spindle, 


which the makers claim is of the order of 0.000003 
inch. 

A typical example illustrating errors in the circu- 
larity of an inner race track magnified radially 4,000 
times is shown in Fig. 13. 

Conclusion 

This lecture has been restricted to a limited field 
and it mostly refers to work carried out at the N.P.L. 
Before concluding, however, brief reference should 
be made to other present day trends in engineering 
metrology. 

There is the introduction of the automatic and 
semi-automatic multi-gauging machines, specially 
designed to keep pace with the speed of modern 
production methods. These machines will inspect 
parts and sort into as many as six grades at the rate 
of 10,000 per hour. Some machines will inspect as 
many as 32 dimensions simultaneously. Of special 
interest is the Sigma hand operated turret used in 
conjunction with a comparator for the inspection of 
up to 10 dimensions on very small parts. 

Alignment telescopes are now used extensively in 
the gauging of aircraft and aircraft jigs. 

Modern demands in respect of surface finish have 
resulted in the design of relatively inexpensive work- 
shop instruments for assessing finish and intended for 
use by the operator on the production machine. 

Finally, the importance of this subject is reflected 
in the fact that engineering metrology is now in- 
cluded in the Technical College Courses for the 
Higher National Certificate. 
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LTHOUGH increased mechanisation provides a 

major contribution to increased productivity, it 
will be realised that even in the highly mechanised 
industry of today the key to higher productivity lies 
often in the skills of individual workers. Whether 
they are operating the power machines—capstans, 
presses, sewing machines and so on—which manufac- 
ture the components, or whether they are assembling 
the products of these machines, the operators’ “ speed 
skills” are a primary factor in productivity. 

Intensive studies of human skills have in recent 
years proceeded in a number of places, both here, in 
Europe and in America. In particular mention may 
be made of the work done, primarily, on the skills 
employed by Service personnel, at the Psychological 
Laboratory, Cambridge—work whose value was 
signalised in 1953 by the Queen’s conferment of the 
Royal Society’s Gold Medal on Sir Frederick Bartlett. 
Relatively little attention has been paid, however, to 
the specialised field of industrial skills—the skills in- 
volved in ordinary repetitive industrial operations. 
Last year, the Department of Engineering Production 
at Birmingham University initiated a project for the 
study of the nature and acquisition of these industrial 
skills, and the study was helped forward by a most 
fruitful question posed by Professor Matthew : “What 
is the difference between performance at a 60 and 
performance at an 80”? 

In discussing this question, no attempt has been 
made to define the terms 60 and 80 (which may also 
be designated “ day-work speed” and “ piece-work 
speed”), nor to restrict the consideration of the 
"~ ces involved merely to these two levels. An 
..empt has been made, in a broader sense, to con- 
sider the changes in human performance on indus- 
trial tasks as it improves above the minimum level 
which could be called adequate in relation to day- 

ork wage, and changes involved in learning a job 

to such a minimum standard have been ignored. 
Phe study of these changes appeared additionally 
important since it was considered that a better under- 
standing of what happened when an operator im- 
proved in performance might indicate better methods 
cf ~-asuring that performance, and of training 
oper? * to attain it. 
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Traditionally, it is 
assumed that operators 
working at piece-work speed 
exert more “effort” for 
which they receive greater 
financial reward, but a con- 
sideration of the psycho- 
physiological factors 
involved in a quicker com- 
pletion of a task indicates 
that increased effort does 
not wholly account for the 
difference, nor indeed is it 
clear what this term means 
in this context. If the same 
task is completed by the same method and with 
the same path of movement of the hands and 
objects of the tasks, a quicker completion may 
result from one or more of various factors, such 
as more effective sensory discrimination, quicker 
movement of the body members, changes in the 
organisation in the brain of the receptor and effector 
processes, etc. 


Mr. W. D. Seymour 


Film Analysis 


In order to further our knowledge of the subject, 
a number of films of actual industrial tasks were 
examined. These were “ rating ” films showing scenes 
of the same operation done in the same way, but at 
different speeds, and they were edited to provide a 
uniform basis on which work-study trainees could 
estimate rate of performance. In analysing these 
films the movements used in accomplishing the tasks 
were divided into groups using some of the cate- 
gories established by Gilbreth and known as “ ther- 
bligs”. Almost all industrial operations involve 
picking up objects (“ grasp” therbligs), movement of 
the hand with the object (“ transport loaded ”), put- 
ting the object down (* position”), and moving the 
empty hand back again for the next object (“ trans- 
port empty ”). An analysis of numerous films showed 
that, as the rate of performance improved, these parts 
of the tasks (or therbligs) did not improve proportion- 
ately. 




















_ 


_ a 





SLOW 


Therblig No. of Frames 
Grasp ... $i oa 16. 14. 14. 14. 
Transport Loaded 8. 8 8. 8. 
Release Load ... ei ~ & 6. 6 
(Drop marble) 
Transport Empty _... >» 4% 
TOTAL 
TABLE 1. Transport Marble. 


One of the first films to be thus analysed frame by 
frame was made by Professor Mundel of an extremely 
simple operation, picking up a marble and trans- 
porting it a short distance and putting it down into 
a small trough. This operation is filmed on what is 
known as the “ multi-image-loop”, because each 
frame of the film contains twelve views of the opera- 
tion and so during the same projection a number of 
different speeds of performance can be observed to- 
gether. It is not necessary to quote more than one 
comparison from this film and, in this case, a com- 
parison is between a performance at somewhat less 
than sixty (day-work speed) with one at somewhat 
more than eighty, i.e. the ratio is nearly two to one, 
not three to four. In the analysis we have segregated 
the therbligs of transport empty, transport loaded. 
grasp and release load and the figures for these 
therbligs (or parts of the task) are given in Table 1. 

The following points may be noted :— 

(i) The transport empty therblig remains 
almost unchanged when total time is re- 


duced. 

(ii) The release load therblig is considerably 
reduced, i.e. by some 33°/, when the total 
time is reduced to 2/3. 


(iii) The transport loaded therblig is only 
slightly reduced by some 25%. 


FAST 
Average Average 
(approx.) No. of Frames (approx.) 
14 8.7. 7. Te 7 
8 6. 6. 6. 6. 6. 6. 6. 6 


nN 
0 
ow 
of 
of 
of 
ob. 
of. 


32 21 


Time in frames at 16 per second. 


Results from another study, this time of collating 
papers, may also be quoted from a film made for the 
American Society for the Advancement of Manage- 
ment. In this particular film, the scenes representing 
60 and 80 performances do not show the operation 
in sufficiently clear detail for our analysis and the 
ratio between fast and slow is rather greater as will 
be seen from the overall times of the cycles shown 
in Table 2. 

It will be noted that :— 

(a) The transport empty therblig is again fairly 

constant over a very wide range of performance 
—on intermediate performance it was, where 
recognisable, of the same order. 

(b) The grasp therblig varies greatly and by about 
the same percentage as in the case of the multi- 
image loop film above. (This of course is acci- 
dental since percentages are affected by the 
proportion of grasp time to total time.) 

The handling element involved in placing aside 
the papers (“position”) accounted for the 
greater bulk of the total time difference. 

Other operations which have been analysed in the 
same way are Pack Cans (S.A.M. film); Dink Squares 
(S.A.M. film). In these cases the same general pat- 
tern has been observed, namely that as the speed of 
performance is increased the individual therbligs do 
not improve consistently but “stationary ” therbligs, 


(Cc 


(iv) The pick up or grasp therblig is decreased such as grasp and position, improve most, transport 
by 50°4 amounting to nearly 70°/, of the loaded improves a little and transport empty changes 
total decrease made. least. 

Cycle Cycle Length Tr. Empty Grasp Position 

SLOW 1 172 8 6 48 

2 165 8 6 40 
3 159 9 6 35 
4 166 2 6 35 
FAST 1 94 9 4 30 
2 93 8 3 29 
3 115 9 5 39 
4 92 (incomplete) 8* iad — 


* not clear on film. 
TABLE 2. Collate Papers. Time in frames at 16 per second. 
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Therblig SLOW 
Grasp... v &. 10. 0. 8. 
Transport Loaded 30. 27. 29. 27. 
Position . és 0 1. WwW . 
Transport Empty . 1h. 5. S82. 

TOTAL ... 58. 59. 60. 57. 


TABLE 3. Transport Cases of Soap. 


A rather different type of operation i; represented 
in another film—transporting heavy cases of soap. 
Here again the therbligs do not change consistently, 
and a similar general pattern emerges. The times (in 
frames at 16 a second) for several cycles from each of 
three different levels of performance are given in 
Table 3. 


An Assembly Operation—Preliminary 
Experiment 

In order to investigate this matter further, it was 
decided to experiment with a very simple operation 
of picking up components from a hopper, transport- 
ing them to a jig and locating them in a position. 
In order to avoid the complications of bi-manual co- 
ordination, this was done single-handed with 
the right hand for all subjects. The time measure- 
ments were effected by passing a weak current of 
electricity through the body of the operator; when 
the component was picked up the current passed 
from the fingers through the components to the 
hopper to make one circuit; and similarly through 
the components and the jig to complete another 
circuit when they were positioned. By means of 
valve amplifier the current from these circuits 
operated pens on a recorder tape so that the time for 
each therblig was recorded. The apparatus is shown 
in Fig. 1. 

Studies of this very simple operation have been 
made so far on three subjects with the purpose of 
observing what change occurs in these therbligs—i.e. 
grasp. transport loaded, position, transpor: empty— 
as the speed of performance in assembling five com- 
ponents into the jig improves. The starting perform- 
ances of different subjects were, of course, markedly 
different and the length of practice period. necessary 
to enable them to attain an 80 varied considerably. 
No special methods were used to help them to attain 
an 80 performance, but strict supervision of the ex- 
periment ensured as far as possible a consistent 
method was employed (though a departure from this 
is noted below). 

The times for the four therbligs which totalled, in 

‘r early attempts, the figure which was assessed 
at a 60, and in the later attempts those that totalled 
the fioure assessed as 80 performance, have been ex- 
«acted and are shown in Table 4. In the case of 
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MEDIUM FAST 
8 7 6. 5 2 3 4 2 
an & 17. 17. 18 17 
6 5 5 6. 2 2 2 1 
er. Sg. 9h: 32 10. 10. 10. 10 
49. 47. 47. 46. a. 2 ee me 


Time in frames at 16 per second. 


Subject J the early recordings were unfortunately 
spoilt and there is none extant at 60, but as he pro- 
gressed to a higher standard than the other two, 
figures for his performances at approximately 70 and 
95 are given. 

It will be seen from the table that the therbligs do 
not improve uniformly, and that the stationary 
therbligs appear to improve more than the movement 
therbligs, except in the case of subject ‘C’. Here 
the Transport Loaded therblig improved most but 
this may have resulted from the fact that this subject 
started to use thumb and first finger, but changed at 
an early stage to thumb and second finger, otherwise 
the latter impeded his movement. 

These observations are only preliminary tests which 
it is hoped will be continued with a full scale experi- 
ment, using an electronic timer and recorder which 
should give more reliable results than the tape re- 
cording timer used for these observations. 


Discussion of Results 


Consideration of the film analyses and of the 
results of laboratory experiments would lead us to 
formulate the hypothesis that in industrial operations 
higher levels of performance in accomplishing a 
manual task result, not so much from faster hand 
movements, as from shorter stationary pauses between 





Fig. 1 











“as 





hand movements. This may perhaps be exemplified 
by an analogy. We often say that under appropriate 
emotional conditions our heart beats faster; we do 
not exactly mean that the heart beats faster, but that 
the intervals between the beats are reduced. 

While these investigations were in progress some 
interesting results were published in America* of 
experiments using a Motion Analyser, which enabled 
the total times for series of identical hand movements 
and of series of manipulations (turning switches) to 
be recorded. 


It was found that travel time (i.e. transport empty) 
showed relatively very little change as a result of 
practice, but manipulation time showed considerable 
decrease with practice. 


The study of these films and the observation of 
operators acquiring speed skills would indicate also 
that the improvement of performance from a 60 to 
an 80 results, in part, from the removal of a number 
of obstacles. First, the obstacle of co-ordination of 
the two hands is surmounted so that one hand is not 


* Van Trebra, P.; Smith, K. V. The Dimensional Analysis 


unduly held up awaiting the other. Secondly (in 
many operations) the obstacle of hand and eye co- 
ordination is surmounted so that hand movements 
need not be held up awaiting eye fixations. In both 
these cases the operator is in effect trying to do one 
thing inside the cycle time of another. Last of all, 
we come up against perceptual limitations where the 
problem is the selection, co-ordination and organisa- 
tion of perceptual information, from the senses, and 
the limitations of the bodily capacity to carry out 
the brain’s instructions. 


Experience in the study of speed skills in industrial 
tasks and in training operators on factory work 
indicate, however, that there might be a deeper 
reason underlining the general and tentative hypo- 
thesis stated above. The psycho-physiological basis 
of human performance in industrial operations has 
often been overlooked, and a purely mechanistic 
attitude in interpreting these results is almost certainly 
inadequate. Human performance on manual tasks 
in industry—as in other fields of human endeavour— 
depends upon the perception via the senses of 
‘““ messages’ from the task just as much as upon the 
movements which can be observed in the task itself. 


























of Motion: J. Appl. Psychol. 1952. 36-p.348 and Thus, the skill of the watchmaker depends as much 
37-4. p.308. AUG. 1953 upon his ability in fine vision as upon his ability to 
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0.72- 80 25 
0.78 .255 158 | .244_ 091 } 
0.98- 60 12 .237 al wo ss 
1.02 
©. 18% > 39% ( 73% > 30% 
0.72- 80 14 | 
0.78 .200 .178 J 182) 153 
8.1- 70 14 .225 ead asi) sini 
8.8 
J. 10% > 55% |— __ > 37% | —._ > 45% 
6.1- 95 26 
6.6 .205 J .154 192 .085 
































TIME IN SECONDS (Third decimal place by division; 


subject to statistical analysis and verification) 


Table 4. Therblig Times at Different Levels of Performance 
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make fine movements with the fingers, and the 
capstan operator’s ability to drill metals of different 
hardness depends as much upon his discrimination of 
differences of pressure in the arm muscles as upon his 
ability to move the star wheel. What is immediately 
noticeable about the results outlined above is that 
those therbligs (which happen to be stationary ones) 
which involve considerable perception improve most 
with the improvement of overall speed, and that 
those therbligs which need less sensory perception 
(which happen to be the movement ones) improve 
less. In other words the distinction may not be 
between stationary and movement therbligs, but be- 
tween therbligs which involve more perception and 
those that involve less. 

Of course, it would be quite wrong to suggest that 
there are no perceptual factors operating during the 
motion therbligs and that all perceptual activity is 
concerned with the stationary therbligs. Every skilled 
movement, i.e. every controlled movement, involves 
the guidance of movement as a result of the con- 
tinuous reception of information from the body sur- 
face or through the eyes and change of muscular 
activity in conformity with this information. In 
guiding fine movements, the brain works rather like 
a governor or control gear, noting at each instant the 
degree to which the hand has achieved its intention 
and correcting it for each slight aberration. In other 
words, the nervous system and the brain operate in 
skilled performance like a complex servo-mechanism 
to control the accuracy of bodily activities. 


The tentative conclusion outlined above—that 
therbligs which involve a greater amount of percep- 
tion are those which improve most with increased 
performance and those involving less perception are 
those which improve least—can be regarded another 
way by looking at it from the point of view of 
limiting factors. In the early days of industrial 
studies (i.e. in the days of Gilbreth, Taylor et alteri) 
the limitations on performance were usually physical. 
because the men they were studying were engaged 
on heavy physical tasks. Now that modern industrial 
operations are so simplified, specialised and 
mechanised the limitations are no longer those of 
physical strength, physical effort and bodily move- 
ment, but those concerned with the brain and nervous 
system which control the bodily activities. As we all 
know from experience, when we start to improve any 
operation we usually improve it in relation to one 
factor and after a time we find that this is no longer 
the limiting factor, but some other quite different 
factor becomes the limiting one—it may be in speeds, 
or in stresses or in resistances. So in improving the 
human operator on industrial tasks by training, work 
simplification, motion study and so on, we have 
improved various factors until in certain cases we are 
probably approaching the point at which the limiting 
factor is no longer an external one, but entirely 
internal in the operator. But although this factor 
may now be the limiting one we have not necessarily 
reached the limits of human performance. 
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Fig. 2 


Perception and Movement Time 


So far, we have discussed the relative improvement 
of stationary and movement therbligs and the rela- 
tionship of these to the perception involved. It is 
valuable to consider also the relationship of percep- 
tion to movement therbligs and the time required to 
perform them. A further experiment was therefore 
carried out to investigate the changes in the time 
taken to perform the same movement with different 
perceptual requirements. A roll of paper 18” wide 
was fitted over motor-driven rollers so that the paper 
passed over a table at a fixed speed. Subjects were 
asked to move a pencil point backwards and for- 
wards across this paper as fast as they could freehand, 
and, owing to the speed of travel of the paper, their 
backwards and forwards movements gave rise to a 
wave formation on the paper. The limits of these 
wave formations were marked—they were almost 
exactly 16” apart, and lines were drawn at this dis- 
tance at the top and bottom of the paper roll. The 
subject was then asked to repeat his movements but 
this time to turn exactly on the given lines. Next, a 
second line was added at the top and bottom 4” 
from the existing line and in this case the subject 
was asked to repeat the performance, again going as 
fast as he could, but this time to move over the inner 
line but not over the outer line. Next, a groove 16” 
long was fixed over the track of the paper and this 
time the subject was asked to move the pencil as 
fast as possible backwards and forwards between the 


























stops. Lastly, a special pencil was provided which 
was fitted with a small light. When a moderate 
amount of pressure was exerted on the pencil this 
light came on, if too much pressure was applied the 
light went out again. With this instrument the 
subject was asked to repeat the operation and to 
maintain always just sufficient pressure to ensure that 
the light remained on. The purpose of this experi- 
ment, as will readily be seen, was to change the per- 
ceptual “load ” involved in a movement while at the 
same time keeping constant the spatial characteristics 
of movement itself. Throughout the experiment the 
subjects stood in the same position, held their arms 
in the same way, made the movements over the same 
distances and in the same manner, but of course there 
was a great variation in what they had to do during 
the movement, in other words in the amount of 
“information ” which had to be taken in and “ in- 
structions ” which had to be given to the hand in 
order to control the movement. 


Observations 
Observations in this experiment, which is illus- 
trated in Fig. 2, were as follows :— 
TABLE 5 


Number of movements across paper roll (16 inches) 
in 10 seconds :— 


Subject A. & ©. §- Be. £. 
Freehand ee a . 22.22 2D 2 & 
Between stops ... ae —~ a 2 2 SS 
Between single lines... . «&§ Bw Ss 8& B® 
Between double lines ... v 26 18 0 0 9 fF 
Pen light between stops i; ae - > = “9 
Pen light between double lines 9 5 1 6 
Pen light freehand ihe he 7 ie * 3 + 4 


It would appear from these figures that the time 
taken for a movement of constant length can be 
affected very markedly by the perception which is 
involved. in it. Movements which are constant in 
length and direction do not therefore require a con- 
stant time for their completion—the time is affected 
just as much by what occurs in the operator during 
the movement as by the distances which the move- 
ment covers. This leads to the formulation of the 
next hypothesis, namely, that in measuring manual 
movements attention must be paid as much to the 
perception involved in movements as to the distance 
traversed. In other words, the time required for 
manual movements in industrial tasks appears to 
depend as much upon their perceptual as upon their 
spatial characteristics. 


The Measurement of Perception 


Even if it can be demonstrated that the perceptual 
component in the skilled performance of industrial 
tasks has an important effect on the time required 
for bodily movements, this will be of little practical 
use in the factory unless we can measure the percep- 
tion involved. In our considerations no attempt has 
been made to measure the degree of perception in- 


volved; the only distinction which has been made is 
between movements in which perception (or amount 
of control activity or amount of information from 
the task to be coped with) is manifestly different from 
that in others. We have to consider therefore what 
possible method of measuring perception may be 
devised. There comes immediately to mind the 
possibility of employing the concepts of Information 
Theory for this purpose. Information theory (or 
communication theory) is concerned with the way in 
which information passes in communication systems 
and, correspondingly, in the physiological field, with 
the way in which sensory information passes from 
the senses to the brain and the way in which this 
information is dealt with in the brain and there gives 
rise to the neural impulses which are the cause of 
body-member movements. Information theory also 
is concerned with the brain activities for control, i.e. 
the way in which precision of movement is affected 
by small activities to correct errors, these activities 
being themselves the resultants of the information 
received from the senses about the degree of in- 
correctness of previous movements. There is no oppor- 
tunity here to discuss this fascinating theory, but its 
importance to our present discussion lies in the fact 
that information theorists have developed a measure 
for information and it may be possible to use this 
unit of measurement as a basis for measuring the 
perception which is involved in various elementary 
manual tasks. This unit of measurement is known 
as a BIT of information, the term being an abbrevia- 
tion of Binary digit.* If it is possible for us to make 
use of this theory and to use this form of measure- 
ment for measuring perception, then many of the 
problems connected with the measurement in human 
terms of operators’ tasks may come within the range 
of practical politics, At the moment, these matters 
remain in the realm of speculation and some years 
of study will probably be required before we can 
harness information theory to our industrial prob- 
lems as a basis for measurement of perception. 


The Implications of Perceptual Load in Work 
Study Techniques 


We have stressed the importance of the recogni- 
tion of perception in the skilled performance of in- 
dustrial tasks, and the implications of such recogni- 
tion in relation to the techniques of work study used 
by the production engineer are worthy of some 
attention :— 


(a) Work Measurement. Work measurement is 
probably the most commonly used of those techniques 
which come under the general heading of Work 
Study. Most work measurement procedures involve 
two forms of basic data, namely, the observations of 
the time taken to accomplish an element of a task 
and, secondly, an assessment of the rate of perform- 
ance of the operator in accomplishing the particular 
element. The subject matter of our discussions affects 


*A “bit” of information is the amount of information 
given or amount of doubt removed when a decision is 
made between two equally probable alternatives. 
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very little the former of these two bases but does have 
bearing on the second, namely, the assessment of rate 
of working. 


Experienced work measurement technicians vary 
somewhat in their way of assessing the rate of 
working. Some say that they concentrate their atten- 
tion on estimating the “overall” flat rate. Some 
concentrate on the speed of movement. Others say 
they concentrate on the rate of acceleration of the 
hand or other moving body member. In our detailed 
observations in film analyses and in our experiments 
we have seen, however, that as the rate of perform- 
ance improves the stationary and movement therbligs 
do not improve correspondingly. This would lead us 
to ask, what are the most important therbligs to 
concentrate on in assessing the rate of performance 
of an operator? We have seen for instance that 
transport empty changes less than most of the 
stationary therbligs and transport loaded tends to 
vary less than some of the stationary therbligs 
and this would lead us to the tentative view 
that in rating the performance of an operator 
we might do well to concentrate less upon 
the movements and more upon what is happening in 
the stationary periods. In the 60—80 range (i.e 
where we are most interested in rating) where the 
transport empty therblig is fairly constant, we can 
perhaps look for a more objective measurement for 
rating of performance by considering the change in 
stationary therbligs, i.e. grasp, position, etc. In many 
cases, these stationary therbligs can be timed quite 
conveniently by electrical methods and their relation- 
ship may provide a better measure of skilled perform- 
ance than does overall time. In other words, it would 
appear likely that our assessment of performance 
might be improved if we attended to those parts of 
performance which improve most rather than to 
those which improve least with increased skill. 


Such considerations, however, although they might 
lead us to greater precision in the assessment of 
relative performances, would still leave these assess- 
ments and the work measurement based upon them 
as a relative matter, i.e. such measurements would 
have no objective frame of reference. But the quest 
for an objective basis for work measurement is a very 
fundamental one in which all work study experts 
from Taylor onwards have to some extent been en- 
gaged. Do our present observations give us any clue 
as to how an objective measurement of human work 
can be attained? This probably will only be attain- 
able if we can avoid subjective assessments of per- 
formance and substitute for them a measure of the 
activities which must occur in the human being to 
accomplish each element or a therblig of a task. We 
have seen that, for instance, the spatial measurement 
of a movement gives us no sure indication of the time 
required for it nor, one would hazard, of the “ work ” 
involved in it: but if we can measure not only the 
spatial movement involved in a task but also the per- 
ception involved in each therblig of it. we might 
possibly in the future be able to arrive on the one 
hand at an objective measure of the human activity 
involved and likewise at the ultimate irreducible limit 
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of time in which it can be accomplished. For just as 
our information theorists can measure some forms of 
perception for us in terms of “ BITS” so they have 
found that there is an irreducible minimum required 
for the human brain and body to cope with each 
BIT of information. This speculation leads us to ask 
whether it might not be possible, perhaps within the 
next decade, to measure the work in industrial repeti- 
tive operations in terms of the BITS of information 
involved in their accomplishment and in terms of the 
irreducible minimum time in which a human being 
can accomplish them. For certain simple tasks the 
time taken to perform them can be predicted by the 
use of information theory, on the assumption that the 
rate of gain of information for any part of the task 
is constant. If this form of prediction can be ex- 
tended, there is promise that ultimately the relation- 
ship of actual observed time to this irreducible mini- 
mum could provide us with a form of measurement 
against an objective standard 


(b) Motion Study and Ergonomics. Since the 
days of Frank Gilbreth enormous benefits have 
accrued from the use of motion study techniques and 
work simplification in industry. Similarly, that 
branch of these studies which has come to be called 
ergonomics is contributing very markedly to the im- 
provement of industrial activities. It is rather sur- 
prising to notice how little attention has been paid 
by motion study experts to the perceptual component 
in skilled performance, in spite of the fact that several 
of the experts have themselves been trained psycholo- 
gists. Leaving aside for the moment the considera- 
tions of layout, organisation and so on, the main 
aim of motion study experts in simplifying work has 
been to improve the path of movement involved in 
the accomplishment of a task. As Gilbreth wrote in 
1911: “the determination of the path which will 
result in the greatest economy of motion and the 
greatest increase of output is a subject for the closest 
investigation and most scientific determination”. By 
concentrating on this aspect—the motion aspect— 
great benefits have been derived and one won- 
ders sometimes whether we have not in some of our 
most modern factories attained almost the limit of 
such improvements. But what of the perceptual com- 
ponent which, as we have seen, plays so important a 
part in all skilled performance? This has, oddly 
enough, been very much neglected though its neglect 
would appear to have been at the root of some of 
the criticisms which psychologists in times past have 
made of motion study. We have seen that as perform- 
ance improves, the improvement of movement 
therbligs does not contribute the largest benefit, and 
we might therefore do well to concentrate upon the 
stationary therbligs and also upon reducing and 
simplifying the amount of information with which 
the body and brain have to cope in accomplishing 
them. Much, of course, has already been done in a 
practical way to tackle this problem, e.g. by the pre- 
positioning of components for assembly so that the 
number of variables with which the brain has to cope 
in the grasp therblig is reduced, and the amount of 
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information to be received and dealt with by the 
brain is minimised. This approach to work simplifi- 
cation may in the future yield additional dividends 
after the “ path of movement” has been reduced to 
its minimum. 


(c) Pre-determined Motion Times. During the 
past decade, the use of pre-determined motion times 
(such as those of M.T.M. and Work Factor) has be- 
come more common in progressive industries and 
these pre-determined element times have been used 
both for work measurement on the factory floor and, 
even more generally, for estimating at the planning 
stage the time that will be required for accomplishing 
prospective tasks. It is stated that these pre-deter- 
mined element times are based upon an analysis of 
films in which the same elements or therbligs have 
occurred. In the Department, however, we have 
found some difficulty in obtaining agreement between 
the time for a task as estimated by pre-determined 
element times and that required when the task was 
done under carefully controlled conditions in the 
laboratory. This, in view of our discussions, would 
seem not unlikely. If, as we have said, the time re- 
quired for a movement depends just as much upon 
what happens during the movements as upon its 
spatial characteristics, then pre-determined element 
times would only be of use for elements or therbligs, 
which have the same perceptual as well as the same 
spatial characteristics as those on which the measure- 
ments were originally made. This does in fact very 
often happen and many of the simple assembly jobs 
for which pre-determined element times have been 
used involve a degree of perception very similar to that 
involved in the tasks which were originally analysed 
to give the times. In such cases, then, the use of 
these pre-determined element times is reliable, but 
if they are to have universai application it would 
appear necessary to categorise the elements not 
merely in terms of the spatial characteristics of the 
movements, but also in terms of the perceptual 
characieristics. Again, if we can harness the results 
of information theory to the measurement 
of perception in industrial tasks this further 
categorisation of movement should be possible, 
but until we are in a_ position to describe 
therbligs in perceptual as well as spatial terms, pre- 
determined element times would appear to be reliable 
only when the perceptual conditions of the task 
originally analysed and those for which they are 
being used are similar, and it would appear danger- 
ous to exterpolate these results, so to speak, into 
situations where the perceptual load is different. 


(d) Training. Although operator training is not, 
strictly speaking, a part of work study, the relevance 
of these circumstances to the subject of operator 
training will be immediately recognised. In such 
training we aim at building up as rapidly as possible 
the highest possible level of skill in each individual 
worker and our observations would lead us to believe 
that this will be best attained by concentrating just 
as much, if not more, upon perceptual components 
in the skills as upon the physical movements involved 
in carrying out the tasks. We have seen that it is 


those parts of a job which involve most perception 
which are capable of most improvement, and so it 
would seem advantageous to concentrate our training 
effort on those parts of the task. Experience over 
many years in the practical task of training operators 
in a variety of industries has led one to the view that 
most healthy individuals are capable of making most 
of the movements which are necessary in ordinary 
industrial tasks. What so many lack is the ability to 
recognise the sources of information relevant to the 
task, to organise this information where it is received 
in the brain, and from there to control the liberation 
of the muscular energy which accomplishes the move- 
ments. It is upon these aspects of training which we 
should concentrate in attempting to help workers to 
achieve that higher rate of output which will benefit 
them and will benefit industry. 


Conventions and Hypotheses 

In conclusion, one point must be made quite clear. 
Some of the observations made, and some of the 
comments expressed, might possibly give rise to the 
impression that they were in some sense a criticism 
of work study techniques as they are at present prac- 
tised. Any such impression should be immediately 
banished, since nothing in this Paper is intended in 
any form as criticism. The benefits which we have 
seen in industry from work study are so great that 
any possibility of undermining confidence in it should 
be eradicated immediately. What has been attempted 
is a brief survey of some factors and some observa- 
tions by the consideration of which we may be able 
to refine the techniques of work study, qualify them 
and increase their range and their precision, and the 
comments are offered as a possible aid to such con- 
structive improvement. Work study techniques, as 
generally practised, are based upon a number of 
conventions—extremely useful conventions—without 
which we could not get along in modern industry. 
They are rather like some others which are common 
place in everyday life: for example. we all use the 
convention of saying that at the same moment it is 
the same time in Cambridge as in Belfast—and how 
incredibly difficult life would be if we did not all 
accept it! The use of this convention does not blind 
us to the truth of the situation, nor does it hinder 
scientific progress in astronomy. So, the use of con- 
ventions in work study, which are almost equally 
useful, need not blind us to the fact that they are 
conventions, nor hinder us in the scientific pursuit of 
more precise methods of work measurement, etc. 

Lastly, it must be made quite clear that this Paper 
reports some observations and some suggested ex- 
planations; that the facts observed arise from and 
only from the causes suggested is by no means finally 
proved and much study will be required to demon- 
strate these matters beyond reasonable doubt. Pro- 
gress in studies of this kind proceeds in three stages 
—through observation, through the formulation of 
hypotheses, and through the demonstration by 
carefully designed experiments of the validity of the 
hypotheses. In the matters we are discussing we are 
only at the second stage, but it seemed worth while 
to make mention of them now, so that other workers 
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in this field might by their own experiments help to 
verify or to contradict these hypotheses. Still more 
study will be necessary before the results of this work 


can be harnessed into practical and feasible tech- 
niques which can be used on the shop floor for the 
benefit of workers and of industry generally. 


COMMUNICATION 


The following comments on Mr. Seymour’s Paper have been received : 


From: Mr. R. M. Currie, Head of Work Study Depart- 
ment, Imperial Chemical Industries, Ltd. 

The assessment of the effect of increased manual 
skill, especially to industrial tasks of a repetitive 
nature, is a very complex problem. The author in 
his interesting Paper discusses the problem and from 
his observations has formulated an hypothesis, that a 
much greater improvement is achieved for basic 
motions requiring a high degree of perception than 
in those of spatial nature requiring a lesser degree 
of perception. The examples quoted, although of a 
preliminary nature, support this concept. Neverthe- 
less, too much reliance must not be placed on the 
analysis of films unless the conditions under which 
they were taken and the purpose are known. Often 
films are made of the same operator working at 
different speeds. These are not entirely satisfactory 
for analysis, as an efficient operator finds difficulty in 
working at slower speeds and is liable to introduce 
different methods and unnecessary delays 

It is reasonable to expect the time for a basic 
motion of high perceptual load to decrease as an 
operator’s ability in performing it increases. This 
ability would depend on the personal aptitude of the 
operator and the opportunity he is given to develop 
this ability based on his aptitude. The measure of 
opportunity depends on the conditions under which 
the basic motion must be performed, this being 
maximal when the task contains few different basic 
motions. It is interesting to note that an example of 
different degrees of aptitude appears in the experi- 
ment the results of which are quoted in Table 4. It 
will be seen that of operators M and C, although both 
accomplish the task at the same assessed perform- 
ance, M is quicker at “ grasp” and “ position” than 
C, who is quicker at “ transport empty ” and “ trans- 
port loaded”. It would, therefore, appear that some 
means of assessing aptitude as well as perception is 
necessary unless some connecting link between these 
can be ascertained. 


In discussing the results of the experiment the 
author is not quite correct in saying the improvement 
from 60 to 80 rating results in the co-ordination of 
the hands and the hand and eye. These are two 
obstacles which should have been removed when the 
original method was devised, because rating assess- 
ment is based on the best known method which must 
be followed by an operator to obtain a 60 rating 
otherwise his work would be ineffective. An improve- 
ment is gained by a worker attaining greater speed 
and effectiveness than an average worker suited and 
accustomed to the particular work; in fact, attaining 
a greater degree of perception. 

Work Study specialists are fully cognisant of the 
limitations of Work Measurement and are continually 
striving to obtain means by which the techniques at 
present practised could be improved. If a greater 
measure of perception could be gained, then their 
task would be considerably lightened and a greater 
desree of accuracy attained. Such an objective is 
worthy of research, but an assessment of the degree 
of application of the ultimate result is very necessary, 
especially as this may be limited to purely repetitive 
tasks. Another important point is that the ultimate 
result must be capable of simple explanation to the 
worker. Its application eventually will affect the 
worker’s pay packet and possibly his reputation. 
Therefore it is important he should know by what 
means his work is assessed. 

The great benefits of Work Study already achieved 
could be considerably increased if the techniques are 
correctly and conscientiously applied to a wider field. 
This should be the short term policy whilst research 
is being carried out to improve the techniques. The 
follow-up of the various observations when confirmed 
will in fact be the application of Work Study. The 
improvement of the techniques of Work Study when 
achieved will mean more effective use of Work Study 
staff and man-power. 





BRITISH STANDARDS 
The following Standards have recently been 
issued and may be obtained, post free, at the prices 
stated, from the British Standards Institution, British 
Standards House, 2, Park Street, London, W.1 :- 
B.S. 806: 1954 Ferrous pipes and piping installa- 
tions for and in connection with 
land boilers. (10/6) 
B.S.2078 : 1954 Crates for cabbage lettuces. (2/-) 
B.S. 907: 1954 Dial gauges for linear measure- 
ment (excluding lever type). (3/-) 
B.S. 308: 1953 Engineering drawing practice. 
(19/6) 
B.S.2059 : 1953 Straight-sided splines and serra- 
tions. (12/6) 
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B.S.2064 : 1953. Dimensions of diamond abrasive 
wheels and tools. (4/-) 


ELECTRICAL POWER CONVENTION 

The promotion of the development of the home 
and overseas markets for electricity and electrical 
appliances is to be the theme of the sixth British 
Electrical Power Convention, which is to be held 
at Eastbourne from 14:h/18th June, 1954. Delegates 
from 37 electrical organisations from all parts of 
Great Britain, Northern Ireland, Isle of Man and the 
Channel Islands will meet under the presidency of 
Mr. J. R. Beard, C.B.E., who represents the Associa- 
tion of Consulting Engineers. 

Associated with the Convention will be an electrical 
exhibition, staged in the Winter Garden grounds. 
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INSTITUTION NOTES 


PRESIDENT TO SPEAK AT ELECTRONICS 
CONVENTION 

The President of the Institution, Sir Walter 
Puckey, has been invited to open the Final Session 
of the 1954 Brit.I.R.E. Industrial Electronics Con- 
vention. 

During the Convention, which is being held in 
Christ Church, University of Oxford, from 9th/12th 
July, over thirty Papers will be presented in six 
sessions, which include “ Industrial Application of 
Electronic Computors”, “Electronic Methods of 
Testing” and “ Electronic Control”. Full particu- 
lars may be obtained on application to The Secretary, 
The British Institution of Radio Engineers, 9, Bed- 
ford Square, London, W.C.1. 


APPOINTMENT OF EDUCATION OFFICER 
The Institution is pleased to announce the appoint- 
ment of Mr. H. Wyndham Badger, M.A., as Educa- 
tion Officer. 


Mr. Badger, who com- 
menced his duties on 29th 
March last, has been for the 
past three years, Borough 
Education Officer at Wall- 
send-on-Tyne, and a great 
deal of his work in that 
office was concerned with 
securing co-operation be- 
tween industry and local 
education authorities, in 
order to develop practical 
efficiency and to _ assist 
school-leavers in their 
choice of career. 

After completing his early 
education at Wolverhampton Grammar School, 
Mr. Badger obtained the Board of Education Teach- 
ing Certificate and later obtained his B.A. degree at 
Oxford. He then took the M.Ed (Part I) degree at 
Manchester University and subsequently obtained his 
M.A.(Oxon). 

During the Second World War, Mr. Badger served 
in the Royal Air Force with the rank of Wing- 
Commander. His duties included the direction of 
operational services for air reinforcements. On 
demobilisation he was appointed Divisional Educa- 
tion Officer for Kent, and later Chief Officer 
responsible for the administration of education in 
South-West Staffordshire. 

In 1947, Mr. Badger was appointed Senior Opera- 
tions Officer with the Ministry of Civil Aviation 
where he was in charge of planning and provision 
of technical services for the United Kingdom and 
overseas routes. He was Acting Deputy Director at 
the time of his resignation in 1951 to go to Wallsend- 
on-Tyne. 


CHAIRMAN OF COUNCIL VISITS CANADA AND U.S. 

Mr. Harold Burke, Chairman of Council, is at 
present visiting Canada and the United States, and 
hopes to meet as many Institution members as 
possible during his stay in these countries. 


REGISTER OF CONSULTING PRODUCTION 
ENGINEERS 

It has been agreed by the Council of the 
Institution that a Register should be maintained at 
Head Office of Members who are in practice as 
Consulting Production Engineers. 

Members or member firms who wish to be 
included in this Register should advise the Secretary 
as soon as possible, giving details of the type of work 
in which they specialise. 








Mr. H. Wyndham Badger 





STANDARDISATION 


by C. M. HOLLOWAY, M.I1.Prod.E. 
Chairman of the Institution’s Standards Committee 


_, eho! negate gent and simplification are be- 
coming more and more vital to industry if the 
United Kingdom is to compete successfully in world 
markets, and the function of the British Standards 
Institution is to carry out the necessary investigations 
into standardisation suggestions received from both 
firms and individuals. 

The Institution of Production Engineers Standards 
Committee are concerned lest members of the Insti- 
tution do not fully appreciate the part they can play 
in this work. I should like to emphasise that one of 
my Committee’s chief responsibilities is to receive 
standardisation suggestions from members and to pass 
these on to the British Standards Institution for 
appropriate action. 

The Standards Committee also nominate members 
to serve on the Technical Committees and Sub-Com- 
mittees set up by B.S.I. and receive reports on the 
progress of the work. During the past year 146 mem- 
bers have assisted in this work. No Standard is issued 
before it has been agreed between producer and 
consumer, and draft specifications are widely circu- 
lated for criticism; when the Standard is published, 
a copy is received by the Institution and placed in 
the Library. 

The Standards Committee urge members to bear 
the importance of standardisation constantly in mind. 
Comments on existing Standards or suggestions for 
new Standards will receive the careful consideration 
of the Committee and, where applicable, will be 
forwarded to the B.S.I. for necessary action. 
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The Guest of Honour, Sir Shree Ram, chats with the 
President of the Calcutta Section, Mr. J. Warren Boulton, 
and Mr. J. Blakiston, President of the Halifax Section. 


CALCUTTA SECTION ANNUAL DINNER 


The Second Annual Dinner of the Calcutta Sec- 
tion was held at the Great Eastern Hotel on 12th 
December, 1953, and was attended by a distinguished 
gathering of members and guests. Among those 
present were Sir Shree Ram, the Guest of Honour, 
one of the country’s leading industrialists and a 
member of several Government Committees; Mr. 
J. Blakiston, Presicent of the Halifax Section, and 
Mrs. Blakiston; Mr. J. E. Hill, a Vice-President of 
the Institution; Dr. S. R. Sen Gupta, Principal of 
the Bengal Engineering College; Dr. T. Sen, 
Principal of the Engineering and Technology College, 
Jadavpur; and Sri. B. N. Choudhuri, Chairman of 
the Bengal Centre of the Institution of Engineers 
(India). The President of the Calcutta Section, Mr. 
J. Warren-Boulton, presided. 

In his address Sir Shree Ram said he believed that 
private enterprise had served India very well in the 
past and could probably serve her much better in 
the future, but at the same time he urged: indus- 
trialists to have patience with the Government's 
nationalisation ventures. The chief worry of the 
industrialist, he felt, was the conflicting decisions of 
the various tribunals and adjudications, and here he 
thought the Government would do well to make 
definite decisions. 

Sir Shree Ram believed strongly that money spent 
on welfare facilities for workers was the best possible 
investment—there should be unanimous agreement 
between labour and capital. 

With regard to industry, India was in its infancy 
and technically a little backward. It was up to the 
production engineer to raise profitable production of 
goods, by which the workers would ultimately attain 
a higher standard of living. 





MELBOURNE SECTION ANNUAL DINNER 


The Annual! Dinner of the Melbourne Section was 
held at the Victoria Palace Hotel, Melbourne, on 
12th November, 1953, when the guest speaker was 
Mr. Harold Holt, M.P., Minister for Labour and 
National Service. Mr. H. G. Sutton, President of 
the Melbourne Section, presided. 


In proposing the toast of the Commonwealth, Sir 
Fred Thorpe, M.C., E.D., M.1I.Prod.E., A.M.L.E. 
(Aust), Director of McPhersons, Ltd., paid tribu‘e to 
the work of Mr. Holt, and distinguished between the 
Government's function of dealing with people and 
the engineer’s function of handling machinery. He 
defined the duty of a production engineer as having 
to make more, of better quality, at lower cost. 

In praise of the work of production engineers 
during the War, Sir Fred spoke of the difficulties 
overcome and the rapid adjustments necessary to 
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cope with changing conditions. With the same spirit 
playing a peacetime role, the future might be viewed 
with confidence. 

Replying on behalf of the Commonwealth Govern- 
ment, Mr. Harold Holt spoke of the need for high 
productivity. The rapid build-up of Australian 
industry during the War, when the country found it 
necessary to fend for herself, threw a great responsi- 
bility on to the shoulders of production engineers. 
Looking back on the post-war period, he spoke of the 
need for the Government to show confidence, par- 
ticularly in difficult times, and this confidence now 
resulted in a brighter outlook. With expanding ex- 
ports, the difficulties of inflation and the threat of 
recession in employment could be overcome. 


Speaking of the responsibility of the Government 
to ensure full employment, Mr. Holt said that this 
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necessarily meant a certain amount of government 
planning for industry. Co-operation between Govern- 
ment and industry was essential. The former must 
give industry opportunity to expand, and to keep the 
demand for goods high by maintaining purchasing 
power. Management on their part must give 
efficiency and wise leadership, and organised labour 
owed loyalty to Australia as a nation. 

In the past, Australian industry had suffered from 
trade unionism, being dominated by one group, 
whereas unionists should support management free 
from political influence. There was a great need for 
the more thoughtful unionist to take a more active 
part in these matters. 

Referring to the resources of Australia, output of 
primary industry could be increased considerably, 
likewise exports of all kinds, and both were essential 
if the population was to be built up. Mr. Holt felt 
that it was gratifying to know that in the Institution 
of Production Engineers there were men who were 
grappling with these problems. He regarded them as 
key production men, neither capital nor political, but 
with the skill and leadership to get the best results 
from the workers. 


The Guests 

In proposing the toast of “ The Guests” Mr. B. G. 
Ross, Past President, Melbourne Section, said that 
the Institution was honoured by the attendance of so 
many eminent industrialists. He paid tribute to Mr. 
Holt’s grasp of industrial problems, due to which time 
lost through disputes was now less than two hours 
per worker per annum. Immigration was on a larger 
scale than in the U.S.A. at any time of an immigra- 
tion quota, and the high standard of immigrant now 
entering Australia was a factor in raising the level 
of knowledge and technical ability available to 
industry. 

Mr. Ross went on to mention several other distin- 
guished guests, and the services they had rendered 
to Australian industry. Among these were Major 
General Risson, renowned in his job of organisation 
of the Melbourne tramways; Professor Henderson, 
who initiated a course in Production Engineering at 
the University; Mr. H. B. Breen, of the Department 
of Defence Production, for production of the Can- 


berra bomber; Mr. C. P. Pusey, for assisting in the 
development and protection of Australian industry; 
Mr. O’Laughlan, of the Department of Defence 
Production, for the production of armaments; Mr. 
R. H. Lowe, of the Australian Institute of Metals, 
for co-operating with the Institution of Production 
Engineers in Working Group meetings; Mr. J. Steer, 
Director of McPherson’s Ltd. and an officer of the 
Adelaide Section of the Institution, for the part he 
played in establishing the Institution in Australia; and 
Mr. John Hill, Director of John Lund & Co. Ltd., 
Yorkshire, Past President of the Institution in 
London. 

Finally, Mr. Ross spoke of the support of affiliate 
companies, so valuable to the Institution in the work 
of raising the standard of efficiency. 

Responding to the toast of “The Guests”, Major 
General R. H. Risson, C.B.E., D.S.O., E.D., B.E., 
M.I.E.(Aust.), M.Inst.T., Chairman of the Mel- 
bourne and Metropolitan Tramways Board, thanked 
the Institution for the very warm welcome extended 
to the visitors, and suggested that the guests had 
much in common with the Institution. The Institute 
of Metals and the Institution of Production Engin- 
eers were mainly concerned with advancing the 
industrial status of the nation, and production 
engineers had made a great contribution to Austra- 
lian industry. 

Supporting Major Risson on behalf of the guests, 
Mr. John Hill gave some of his impressions as a 
visitor from England. In his experience there was 
very little difference to be found between countries 
in the English-speaking world. Canada, U.S.A., New 
Zealand, Australia, all appeared to have the same 
problems, mainly concerned with increase of produc- 
tion, and making two blades of grass grow where one 
grew before. The necessity for reducing manufactur- 
ing costs in Australia to compete in export markets 
was very much the same as in England, to meet 
competition from Japan and Germany. 

In conclusion, Mr. Hill gave details of the new 
premises recently acquired for the headquarters of 
the Institution of Production Engineers in London, 
and assured the Melbourne Section that Australian 
members visiting London would receive a very warm 
welcome. 








FUTURE INSTITUTION ACTIVITIES 


In addition to the meetings listed in the Journal Supplement, the attention of members is drawn to the 


following important events :- 


Production Exhibition and Conference, Olympia, London, July 7th/ 14th, 1954. 


** Information and the Production Engineer ’ 


—Joint Conference with Aslib Aeronautical and Engineering 


Groups, College of Aeronautics, Cranfield, 2nd/5th April, 1954. 


Full particulars of these Conferences may be obtained on application to the Secretary, 36, Portman Square, 


London, W.1. 
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NEWS OF 


MR. F. R. W. CHARLTON 


The Institution is pleased to record that Mr. 
F. R. W. Charlton, Associate Member, a member of 
the Adelaide Section Committee, was included. in the 
New Year’s Honours List. He has been awarded the 
M.B.E. for his services to the Citizen Military Forces. 


Since 1937, he has been in the Royal Australian 
Engineers. During the War he was on active service 
in the Middle East. He holds the rank of Major 
and since 1948 has been Officer Commanding, 
3rd Field Squadron. Mr. Charlton is Works 
Superintendent for Horwood Bagshaw Limited. 


MR. L. P. COOMBES 


Mr. L. P. Coombes, President of the Oxford 
Section, has been appointed K.D. Engineer to the 
British Motor Corporation. He joined Morris 
Motors Ltd. (Cars Branch) in 1941 as Production 
Superintendent in charge of several wartime projects. 
In 1943 he became Planning Engineer and took over 
the newly-formed K.D. Division of the Nuffield 
Organisation in 1948. Since then he has travelled to 
Australia, New Zealand, Holland, Eire, and America, 
to make on-the-spot investigations of individual 
requirements. 


MR. B. A. J. RULE 


Mr. B. A. J. Rule, Associate Member, Chief 
Inspector, The Newall Engineering Co. Ltd., has 
recently visited Sweden at the invitation of the SKF 
Company of Gothenburg, in order to study produc- 
tion and inspection at the SKF works of methods 
emploved in the manufacture of components used in 
Newall machine tools. 


MR. T. H. BEARD 


The Institution has accepted with great regret the 
resignation of Mr. Trevelyan H. Beard from the 
position of Honorary Secretary of the Canadian 
Section. Mr. Beard has found it necessary to re- 
linquish this work owing to extreme pressure of work 
and studies. The position of Honorary Secretary to 
a newly formed Section, particularly when it is so 
remote from the headquarters of the Institution, is 
not an easy task, but one which in Mr. Beard’s case 
has been accomplished with marked success. His help 
and assistance have in no small measure been re- 
sponsible for bringing the Canadian Section to its 
present status. 


Mr. Beard’s successor as Section Honorary 
Secretary is Mr. P. M. Wood, Graduate. 
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MEMBERS 


MR. C. M. P. WILLCOX 


Mr. C. M. P. Willcox, Associate Member, has re- 
signed his position as Manager of the Air Cylinder 
Department of Benton & Stone, Ltd., to rejoin a 
family concern, P. L. Willcox, Ltd.. Tyseley. 


Mr. Willcox, who is an active member of the 
Materials Handling Sub-Committee, is a well-known 
lecturer, and has addressed Sections of the Institu- 
tion, and other engineering bodies, in many parts 
of the country. 


MR. J. M. STEER 


After many years of service to the Sydney Section, 
Mr. James M. Steer, Associate Member, was 
appointed Manager of the Adelaide branch of 
McPhersons. Limited. He immediately joined the 
Committee of the Adelaide Section, and for the last 
two years has given invaluable service to this Section 
as Secretary, Vice-President, Australian Sub-Council 
Member and member of the Education Sub-Com- 
mittee. 

Mr. Steer has now been promoted to the Com- 
pany’s headquarters in Melbourne as Director of 
Machine Tools, and will have control of the sales of 
the products manufactured by the company, as well 
as the machine tools from many well-known overseas 
factories, for which McPhersons have the Australian 
agencies. Mr. Steer is at present in England, and will 
spend three months visiting machine tool factories. 
The Adelaide Section Committee met at a luncheon 
to thank Mr. Steer for his work for the Section, to 
wish him a good trip overseas, and success in his 
new appointment. 


VISITOR FROM CANADA 


A member of the Institution’s Canadian Section, 
Mr. O. C. Kallay, is at present in the United 
Kingdom, and has kindly offered to answer, as far as 
he can, questions from members who are interested 
in Canada and Canadian affairs. 


Mr. Kallay may be contacted at :- 
82. Fidlas Road, 
Llanishen, Cardiff, Glam. 


MR. D. F. HORNE, M.B.E. 


Owing to a typographical error, the note con- 
cerning Mr. D. F. Horne in the March issue of the 
Journal stated that he had been appointed to the 
Board of a Company with the Rand group of manu- 
facturers. Mr. Horne has in fact been appointed 
to the Board of British Acoustic Films Ltd., within 
the J. Arthur Rank Organisation Limited. 
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NEW APPOINTMENTS 


Mr. A. B. Brown, Associate Member, has now 
joined the Board of Brown Bros. & Co. Limited, 
Rosebank Ironworks, Edinburgh. 


Mr. J. W. Browne, Member, was_ recently 
appointed Senior Lecturer in Production Engineering 
in the Engineering Department of the Technical 
College, Bolton. 


Mr. K. H. Buckley, Associate Member, has recently 
taken up the position of Superintendent in charge of 
Forwarding and Transport with his Company, The 
English Electric Co., Stafford. 


Mr. L. Carroll, Associate Member, has been 
appointed Manufacturing Specialist at the Schenec- 
tady Works of International General Electric, U.S.A. 


Mr. N. E. Cornish, Associate Member, has now 
taken up an appointment as a Production Engineer 
with The English Electric Co. Ltd., Luton. 


Mr. M. L. Curtis, Member, has just taken up a 
new appointment as Director and General Manager 
of Singer Motors Limited, of Birmingham and 
Coventry. 


Mr. L. J. Daughtrey, Associate Member, has 
recently taken up a position as Production Engineer 
with Smith-Wilson Engineering Co. Ltd. 


Mr. P. J. Gibbons, Associate Member, has recently 
taken up the position as Manager at The Myers 
Spindle Co. Ltd., Bradford. 


Mr. G. E. H. Hall, Associate Member, is now 
General Manager of Sheepbridge Stokes Limited, 
and British Van Der Horst Limited, members of the 
Sheepbridge Group. Mr. Hall was formerly Works 
Manager of Light Production Limited, Slough, 
Bucks, another Sheepbridge Company. Before join- 
ing the Sheepbridge Group, Mr. Hall served for 
nearly seven years with Wellworthy Limited as 
Assistant Works Manager and Works Manager. 


Mr. R. Hunt, Associate Member, has recently 
been appointed Works Manager of Paton, Calvert & 
Co. Ltd., Liverpool. Mr. Hunt joined the Company 
21 years ago and has held appointments as Head of 
the Time and Motion Study Department, and Chief 
Engineer. 


Mr. S. C. Jones, Associate Member, has recently 
accepted a commission with the Royal Canadian 
Navy as Lieut. Engineer with the appointment as 
Resident Naval Overseer, Owen Sound, Ontario. 


Mr. A. Marsden, Associate Member, has recently 
been appointed Manager of the Plastics Moulding 
Plant of Universal Metal Products Limited, South- 
port. 


Mr. A. Leslie Martin, Associate Member, has re- 
linquished his position as Lecturer at the County 
Technical College, Wednesbury, and has now taken 
up a position as Head of the Department of Engin- 
eering at the Riversdale Technical College, 
Liverpool. 


Mr. Norman Maxfield, Associate Member, has 
now taken up an appointment as Personal Assistant 
to the Works Director of Henry Simon (Engineering 
Works) Limited, of Stockport. 


Mr. G. K. E. McCall, Associate Member, has 
recently been made a Director of Churchill-Redman 
Limited, Halifax. 


Mr. C. M. Moatt, Associate Member, has now 
been transferred to Admiralty Signals and Radar 
Establishment, Haslemere (A.S.R.E.). 


Mr. A. L. Orchard, Associate Member, has 
recently taken up an appointment as Works Superin- 
tendent with Morphy-Richards Limited. 


Mr. F. H. Perkins, Member, has recently relin- 
quished: his position with the North British Locomo- 
tive Company and has now taken up an appointment 
as Chief Production Engineer with Brush Electrical 
Engineering Company, Loughborough. 


Mr. G. A. Symons, Associate Member, has now 
returned from the United States and has taken up 
the position of Chief Inspector with Diamond H. 
Switches of Chiswick. 


Mr. Y. Tandan, Associate Member, has now taken 
up an appointment as Manager with Guest, Keen 
Williams Limited in their Permanent Way Works 
Department. 


Mr. C. H. Viles, Associate Member, has been 
appointed Manager of the Leeds branch office of 
Burton, Griffiths & Company Limited, which covers 
the county of Yorkshire. Mr. Viles was formerly 
Sales Representative in the area north of the York- 
shire border and in his new capacity will still super- 
vise the counties of Durham and Northumberland. 
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Mr. Eric Ward, Associate Member, has relin- 
quished his position with Kodak Limited, and has 
now taken up a position as Assistant Manager of the 
Production Division, Information and _ Research 
Department of the British Institute of Management. 


Mr. R. A. G. Welsher, Associate Member, has 
recently been accepted into the Ministry of Supply 
Engineers Pool as a Professional Engineer, Basic 
Grade. Mr. Welsher is retaining his position of 
Remote Handling Engineer with the Atomic Energy 
Research Establishment, Harwell. 


Mr. P. A. Wibrow, Associate Member, has recently 
left Adelaide in order to take up a position with the 
Public Works Department of Her Majesty’s Colonial 
Service in Selangor, Malaya. 

Mr. H. C. Wright, Associate Member, has recently 


taken up an appointment as Production Engineer to 
the Washington Chemical Co. Limited. 


Mr. W. Worsley, Member, has recently taken up a 
position as Chief Engineer at Colvern (Radio) 
Limited. 





Mr. J. Berkman, Graduate, has been transferred 
to the Israeli branch of H. H. Fraser & Associates 
for a special assignment. 


Mr. N. J. Bullock, Graduate, has recently taken 
up a position as Planning Engineer with D. J. Napier 


& Son. 


Mr. R. Cameron, Graduate, has taken up a posi- 
tion as Designer with Joy Sullivan, Mining Machinery 
Manufacturers. 


Mr. J. V. Courtney, Graduate, has recently been 
appointed Assistant Lecturer at Poplar Technical 
College. 


Mr. G. Cubitt-Smith, Graduate, has been 
appointed Production Officer at the Chelmsford 
Works of Crompton Parkinson Limited. 


Mr. E. A. Hewitt, Graduate, has now been 
appointed Plant Engineer of Paton, Calvert & Co. 
Ltd. 





NEW BUILDING FUND APPEAL 


Since the publication of the last list, donations have been received trom the following subscribers. (The list 


was compiled for press on 12th March, 1954.) 


G. P. Belsham, M.I.Prod.E. 

W. H. Bradford, A.M.I.Prod.E. 
V. F. Burgess, Grad.I.Prod.E. 

S. R. Chowdhury, Grad.I.Prod.E. 
J. G. Dawkes, Grad.I.Prod.E. 

N. A. Ferguson, A.I.Prod.E. 


G. Gilfillan, M.1.Prod.E. 


A. Goodwin, Grad.I.Prod.E. 


S. E. Kirk, M.I.Prod.E. 
E. G. McLeod, A.M.I.Prod.E. 


R. §. Odd, M.1I.Prod.E. 
A. P. Oppenheimer, A.M.I.Prod.E. 


H. B. Harris, A.M.I.Prod.E. 
A. G. Hayek & Partners Limited. 
I. G. Hopkinson, M.I.Prod.E. 


S. W. Perkins, M.I.Prod.E. 


D. H. Turnbull, M.I.Prod.E. 
J. P. Turley 


J. R. Wells, Grad.I.Prod.E. 
J. Whyte, Grad.I.Prod.E. 


J. D. Nicholls, A.M.1.Prod.E. 








PREPARATION OF TECHNICAL REPORTS 

A course of four lectures on the preparation of 
technical reports, commencing on 30th April, 1954, 
is being arranged by the Department of Electrical 
Engineering of University College, London, in con- 
junction with the Regional Advisory Council for 
Higher Technological Education. The fee for the 
course, which is intended for engineers in industry, 
is £1. 1s., with a registration fee of 10/6d. 

Full particulars may be obtained from The Secre- 
tary, Regional Advisory Council for Higher Techno- 
logical Education, Tavistock House South, Tavistock 
Square, London, W.C.1. 


MANAGERS IN INDUSTRY 
A residential course for managers in industry has 
been arranged by the University of Cambridge 


254 


Board of Extra-Mural Studies, and will be held at 
Madingley Hall, Cambridge, from 28th June to 23rd 
July, 1954. 

The course is designed to throw light on the role 
of the manager and his personal responsibilities in 
present-day society. It is proposed to examine the 
opportunities and responsibilities. 


JOURNAL BINDERS 

Members are advised that binding cases for the 
Journal are available, and may be ordered 
from Head Office. The cases, which are strongly 
made and covered in dark red leather cloth, 
with “The Institution of Production Engineers 
Journal” in gilt on the spine, will each hold 12 
copies of the Journal. The price per case is 10/-, 
post free. 


Ee 


\ 


HAZLETON MEMORIAL LIBRARY 


Members are asked to note that the Library will normally be open between 10 a.m. and 5.30 p.m., from 
Monday to Friday each week. The full facilities will not be available at the following times during 
the month :- 


Thursday, 8th April from 10.0 a.m. Good Friday, 16th April all day 
Easter Monday, 19th April all day Tuesday. 27th April from 2.15 p.m. 
Thursday, 29th April from 11.0 a.m. 


It would be helpful if, in addition to the title, the author's name and the classification number could be quoted 
when ordering books. 


REVIEWS 


621.9 MACHINE TOOLS; MACHINING 621.777 PROCESSES FOR WORKING SHEET AND 
PIPE 


** Metal Machining” by L: E. Doyle. New 
—- — by veg noe he ** Pipe and Tube Bending * by Paul B. Schubert. New 


York, Prentice Hall Inc., 1953. 511 pages. Illustra- 
tions. Diagrams. £4. 0. 0. 


A recent article by Patrick Halliday in the “ Man- 
chester Guardian”: “Are British Technical Books 
Good Enough?” makes this point: “It is for junior 
engineers, technicians, and skilled mechanics seeking to 
improve their knowledge of modern techniques without 
the guidance of a teacher that the more academic 
British books, with their emphasis on close mathe- 
matical argument and their apparent remoteness from 
everyday practice, compare most unfavourably with 
their transatlantic counterparts.” 

This book exemplifies the general truth of the state- 
ment; it is a well written and produced elementary 
book covering the most recent and widely used methods 
of metal machining. The principal types of edge and 
abrasive cutting machine tools, and their applications 
in straightforward representative manufacture, are 
thoroughly treated. 

Introductory chapters on dimensioning and _toler- 
ancing, measurement and gauging, and the action of 
cutting tools are well conceived. The remaining 
chapters, with the exception of those on screw thread 
production and process planning, are each devoted to a 
principal machining process, its main types of machines 
and their applications; e.g. Milling Machines and 
Cutters, Abrasive Grinding Wheels and Operations, 
Gears and Gear Making, Turret Lathes and Automatics, 
etc. 

The book has a wealth of photographic illustration 
which, in the main, considerably enhances its value. 
Two small criticisms might be made; in a few of these 
illustrations the detail is not clear—the six spindle 
automatic (page 486) is a particularly noticeable 
example; in some instances line diagrams would have 
been more effective. 

The author is to be complimented on a clear, 
readable text, on the stimulating list of questions and 
useful references at the end of each chapter, and on 
the very adequate index. The book is exceptionally 
well produced and bound. 

Unfortunately, its price in this country (80/-) will 
prevent its reaching many of the readers for whom 
it is specifically written. ae FG. 


York, Industrial Press, 1953. 183 pages. Illustrations. 

Diagrams. £2. 2. 0. 

Here, at last, is a text-book which clearly sets out all 
the known methods of pipe and tube bending, particu- 
larly for those interested in the lighter branches of 
engineering. The author has cleverly collated all the 
information he has gained, both from English and 
American sources, and to whom he gives full credit, 
and the whole book is very well illustrated with ex- 
ceptionally clear photographs and line diagrams which 
amplify the text even more. 

In common with so many books of this nature, 
which are American in origin, the typescript is very 
legible and well set out, thus avoiding that feeling of 
heaviness which so often detracts from study. 

The setting out of the subject is also very well done, 
the reader being taken progressively from an_ initial 
explanation of all the methods of bending, through 
breakdowns of each of these methods, to the final 
chapter, describing the bending of tubes or pipes “in 
the field’, a very necessary study for those who may be 
engaged on a project for which they have very limited 
equipment. An excellent inclusion is a chapter devoted 
to the “ arithmetics ”’, enabling the student to calculate 
lengths and radii of typical bends. 

This is a book which should be found, well-thumbed, 
on the shelves of all methods engineers engaged on pipe 
work, in technical schools and in the possession of the 
more fortunate apprentices in the metal working trades. 


H. J.B. 


657.47 COST ACCOUNTING 


** Workshop Costs and Costing” by Philip Stephen 
Houghton. London, Chapman & Hall, 1953. 295 
pages. Charts. £1. 15. 0. 

This is a text book on costing by an engineer, written 
as a result of the author’s experience that many firms, 
even in this modern age, have grossly inadequate 
costing facilities, but his book contains more detail than 
is likely to appeal to the directors and managers of 
such firms. 

The emphasis throughout this book is on practice 
rather than on principle and this, coupled with the 
fact that the arrangement of chapters is not altogether 
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logical, may result in those readers who lack previous 
knowledge of cost accounting having some difficulty in 
seeing the wood for the trees. Nevertheless, everything 
the author says is sound, sensible, and clearly stated, so 
students of any age, or those engineers and managers 
who are determined to get to the bottom of their 
costing problems will find the book of real value. 

Among the chapter headings are :— Items Met with 
in a Costing System; Division of the Indirect Expenses; 
Wage Systems; Creating a Costing System for a New 
Business; Codes; Foundry Costing; Process Costing; 
Contract Costing; Stock Accounts; and Reconciliation 
of Financial and Cost Accounts. 

The book ends with nineteen pages of ‘“ Questions 
and Problems”’. There is an adequate index. C. H.S. 


58 MAINTENANCE; REPLACEMENT 

** Dynamic Equipment Policy . . . a MAPI study” 
by George Terborgh. New York, McGraw-Hill, 
1949. 290 pages. £2. 7. 0. 


The title of this book tends to be a little misleading, 
since it does not deal with industrial equipment policy 
as a whole, but is entirely devoted to a very deep study 
of the problems of equipment replacement. In the 
concluding summary the author justifies the ll- 
embracing title by putting forward the case that... . 
“if Industry suffers from obsolete and _ inefficient 
mechanisation, this is not due primarily to bad policy 
in the choice of original equipment—i.e. the equipment 
of new or expanded plants; it is due rather to bad 
policy in the timing of replacements in existing plants. 
Obsolete mechanisation is first and foremost the result 
of a degenerative process which develops with the 
ageing of the industry or the establishment affected” . . 

The foregoing quotation represents the theme which 
runs through every chapter of the book. In the 
opening chapters the author emphasises that with the 
heightened tempo of scientific and technical progress, 
capital goods are increasingly pushed out of service or 
displaced, rather than merely replaced after they expire 
from physical decay. He stresses the direct influence 
of depreciation policy on replacement policy, by 
frequent disinclination to retire assets before the end 
of their estimated life (especially when their book value 
is still high). He argues that replacement decisions 
should be entirely independent of depreciation con- 
siderations, and then advances series of arguments on 
which he bases some standard assumptions which in 
turn are developed into mathematical formulae to 
provide a replacement procedure. 

The author of this book is the Director of Research 
of the Machinery and Allied Products Institute, which 
has its headquarters in Chicago: he was assisted in the 
preparation of this work by a special Committee of the 
Institute’s members composed of senior executives of 
companies manufacturing machine tools and similar 
capital equipment. It should be mentioned here that 
this Institute has published a number of important 
studies on subjects in the field of industrial economics, 
including the widely-publicised “ Technological Stag- 
nation in Great Britain”, which was based largely on 
our own Board of Trade Working Party reports pre- 
pared immediately following the end of the Second 
World War. 

“Dynamic Equipment Policy” is not easy reading 
by any means; in fact, it can be said that this is a 
specialist’s book addressed to other specialists. It is 
stated in the introduction that an abbreviated version 
of it, for more general reading, is being published. This 
is to be welcomed because, quite apart from the main 
theory advanced, there are in it many fundamental 
observations on replacement policy which are not 
sufficiently widely appreciated; it would have been a 
pity if these would have been missed by the general 
industrial reader who might well be frightened off by 
the size and academic presentation of the present book. 
Whilst on the subject of presentation it should be said 


that the book is well laid-out, with a number of 
supporting appendices, a glossary and a fine index. The 
only criticism concerns the constant and voluminous 
foot-notes which are, to the reviewer, a source of 
irritation. 

It is impossible, within the frame-work of a brief 
review, to try to explain the theory of replacement 
procedure put forward in this book. To be of practical 
value to the individual industrialist, the replacement 
procedure advanced—simple though it appears itself— 
will require conditioning calculations which demand 
some basic knowledge of econometrics. Such being the 
case, it is of immediate application only to firms who 
have specialists in this sphere, on their staff or as their 
consultants. Yet this book should be read by everyone 
who is interested in the subject and who has the 
necessary patience to absorb a really fundamental 
treatise on the subject of replacements. A. G. H. 


338.91 RAW MATERIALS; NATURAL ENERGY, ete. 


ROYAL INSTITUTE OF INTERNATIONAL 
AFFAIRS, London. ‘“* World Production of Raw 
Materials.” New edition. London & New York, 
the Institute, 1953. 104 pages. 7s. 6d. 
(Information Papers No. 18.) 


Published by the Royal Institute of International 
Affairs, which is an unofficial and non-political body 
founded in 1920 to encourage and facilitate the 
scientific study of International questions, this book is a 
new and revised edition of Information Paper No. 18b, 
first published in 1941, with the help of Mr. Ronald 
Brech of “The Economist’? and Mrs. A. Vroome and 
Mr. A. R. Smith, the latter of the Imperial Chemical 
Industries. 

The book is divided into three sections :- 

1. Survey of Raw Materials. 
2. Notes on sources and uses of the materials. 
3. Tables of World production. 


1. Survey of Raw Materials 

Developments in manufacturing capacity have not 
made possible an equal expansion in the production of 
raw materials for, in 1950, the production of raw 
materials was only 10% greater than in the five years 
immediately prior to the outbreak of War, whilst 
manufacturing capacity has increased by 40% in the 
same period. 

There are few raw materials won from the ground in 
a form readily usable in industry and thus raw materials 
are classified as follows :- 

(a) Products of agriculture. 
(b) Products of mining and quarrying 
(c) Synthetic raw materials, 

By geographical distribution the N.A.T.O. countries 
account for a larger share of the world’s raw materials 
than do the Communist countries. 

World production of most raw materials increased 
rapidly after 1939 and reached a peak during the War 
years. International Trading Organisations have, since 
the War, endeavoured to create international co-opera- 
tion, and mention is made of efforts in connection with 
United Nations Study Groups to set up an international 
Commodity clearing house, whilst the International 
Materials Conference held in January, 1951 attempted 
to re-constitute a combined Raw Materials Board. 


2. Notes on Sources and Uses of the Materials 

Fibres, agricultural products, metals, non-metallic 
minerals and synthetic materials are dealt with in 
detail, with brief notes on the uses of each material 
and the principal sources of supply both before and 
since the War. 

It is interesting to note that the U.S.A. is the 
principal producer of many of the materials mentioned, 
whilst there is little information relative to the 
U.S.S.R. production, and the use of certain materials. 
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3. Tables of World Production 

These show the production of each commodity and 
the main producing areas in the years immediately 
before the War and from 1946 to 1951. Where figures 
of world output are available, percentages are given 
showing the relative share of each of the main producers 
in 1950. 

Data for U.S.S.R., China and other Communist 
Countries are incomplete but where possible estimates 
have been included. The sources given at the end of 
each table indicate the main publications from which 
the figures have been compiled and these include the 
American Bureau of Metal Statistics, British Bureau of 
Non-Ferrous Metals Statistics, as well as Common- 
wealth Economic Committee and the various study 
groups previously referred to. 

There is a wealth of information in the book. Whilst 
the Institute as such is precluded by the terms of its 
Royal Charter from expressing an opinion on any 
aspect of international affairs, any opinions expressed 
therefore, are stated to be not those of the — 

R. 


669.14 STEEL 


“ Engineering Steels : A Study of the Properties of 
Steels and the Principles Governing their Selection 
for Engineering Applications,” by Leslie Aitchison 
and William I. Pumphrey. London, Macdonald & 
Evans, 1953. 923 pages. Illustrations. Diagrams. 
ES. 5. U. 

I have said before that books on materials date 
easily. I must now qualify that statement and say that 
the “ usual” types of materials text-books date easily. 

In Aitcheson and Pumphrey’s “ Engineering Steel ”’, 
we have an exceptionally fine book written by two 
renowned authors at their best. 

The book is intended for the practical engineer 
rather than the trained metallurgist, but when it is 
appreciated that there are 923 pages packed with 
information I am inclined to think that the practical 
engineer will become a metallurgist when he _ has 
assimilated their work. 

The subject of steels is covered from the making of 
ingots at the beginning to scrap recovery at the end— 
thus completing the cycle. There are chapters on 
carbon steels, alloy steels, stainless, tool, creep-resisting, 
heat resisting and cold-worked steels. | Mechanical 
testing is adequately covered. Brazing and welding, 
machinability, corrosion and protection are all dealt 
with very thoroughly. One very small criticism is that 
Chapter 4 is entitled “ Hardenability’, Chapter 11 is 
called “Surface Hardening”, whilst Chapter ly ae 
‘““Hardenability and its application”. I should have 
thought that these three chapters could follow each 
other, say as three sections of the same chapter. 

The presentation of the subject matter is carried out 
in a very lucid manner. The chapters are divided 
into sections each with its own heading. The important 
facts or operative phrases are in heavy type, con- 
sequently making it very easy for reference. 

There are many tables of steel properties, which, 
although perhaps not unique are very uncommon and 
are of great use to designers and the like. As an 
example, Table 150 on page 842, giving values of “E” 
for different temperatures from 20°C. up to 100°C., 
can be usefully employed in valve spring design. 

I consider that this work may be termed a classic. 
The subject is dealt with completely without limitation 
for any examination syllabus. Although the language 
is very clear and easily understandable, the book is 
certainly not written “down” to a certain level. I 
would recommend this volume to anybody requiring 
information on steels. The student can pick out rele- 

vant information with the minimum of trouble. 

Similarly the advanced research worker may quickly 

select his references. The designers and technicians can 

not only obtain their figures from the table, but with 
very little reading can readily understand how the 

feures were obtained. R. E. M. 


371.126 TRAINING OF TEACHERS 


“ Techniques of Technical Training” by H. R. Mills. 
—o Cleaver-Hume Press Ltd., 1953. 195 pages. 
10s. 6d 


The attitude in industry towards technical training 
and education has changed considerably in the last 
fifteen years. The progress made in this direction is 
one of the good things that comes out of modern war, 
for the stimulus of war production has undoubtedly 
been a major factor in making industry realise the 
value of investment in education. 

The number of people who are directly concerned 
with some form of training or education has increased 
enormously during this period and many of them, 
perhaps the majority, will have had no training them- 
selves in the techniques of instructing others. Mr. 
Mills’ book will be of great value and interest to these 
instructors and, although it is written for the instructor 
in industry, much of it will apply to part-time and 
full-time teaching in technical institutions. 

In his opening paragraph in the first chapter, “ The 
Background to Training”, the Author says “ The 
training of a young man or apprentice in industry 
begins from the moment he arrives at the gates of the 
works’. He goes on to discuss the preparation and 
presentation of instruction with particular emphasis on 
the methods and artifices used to ensure that the 
maximum benefit is obtained by the class. He 
emphasises the importance of maintaining class interest 
by breaking up periods of instruction with question and 
answer or other forms of class participation. 

Chapters are devoted to examination and _ testing 
techniques for both theoretical and practical work, the 
analysis of pace of instruction and difficulties in 
learning, and to various methods of instruction. The 
use of training aids such as wall charts, projectors 
and models is described and a separate chapter deals 
with the use of films. 

The value of most technical books is greatly in- 
creased if a bibliography is included; this book con- 
tains over fifty references in its bibliography, ranging 
from the organisation and administration of technical 
colleges to the pedagogical implications of wiping a 
joint. 

The Author’s style is clear and straightforward; the 
book is adequately illustrated with line diagrams, 
graphs and charts, and can be recommended to all 
who are interested in any aspect of technical training. 

K. 


621.793 METAL COATING 


** Metallizing Handbook ” by H. S. Ingham and A. P. 
Shepard. 5th edition. New York, Metallizing 
Engineering Co. Inc.; Chobham, Metallizing Equip- 
ment Co., 1951. 249 ‘pages. Illustrations. Diagrams. 
£2. 2. 0. 

A very detailed and instructive publication for both 
the practical engineer and student, and is specially 
recommended to maintenance, erection and production 
engineers. 

The basic principle of metallizing is a process in 
which molten metal is sprayed on to a prepared surface 
to form a coating, and the book commences with a 
brief resume of the historical development and basic 
principles involved in the process. 

The most common application of the process is in 

machine element work for building up worn or faultily 
machined parts and the second chapter deals extensively 
with the methods of surface preparation, spraying 
technique and finishing methods. In this field there 
is undoubted economic advantages for its use. 

Another application of the process is for corrosion 
resistant purposes. Obviously the complete subject of 
corrosion is not covered by the book but a brief dis- 
cussion of metal galvanic corrosion leads’ the 
reader to further thought about the advantages and 
limitations of the processes for corrosion resistance 
applications. A chapter dealing with this more special- 
ised application discusses coating selection, surface 
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preparation and the techniques involved in spraying, 
sealing and finishing. It is claimed that for some 
applications the economics of the process can compete 
favourably with plating and painting and gives better 
protection, 

The specialised applications, such as the metallizing 
of glass and ceramics and many other normal non- 
metallic materials, the repairing of casting blow holes, 
brazing and the application to the sealing of electrical 
circuits, are covered by a further chapter. 

A special alloy giving hardness values of from 
Rockwell C.56 to 61 for hard facing applications is also 
discussed and the book finishes with chapters on the 
technical and engineering data of a wide variety of 
sprayed metal, safety measures and ventilation recom- 
mended for the various processes involved. Fe. <s. ¥- 


531.7 METROLOGY 
** Practical Metrology, Volume I” by K. J. Hume and 

G. H. Sharp. London, Macdonald & Co. Ltd., 1953. 

60 pages. Diagrams. 6s. 

This book is the first of four small volumes designed 
primarily to aid the student of metrology in his 
practical laboratory work. A brief survey is made of 
basic equipment followed by a chapter devoted -to 
fundamental methods. Twelve experiments are described 
including the measurement of parallel and taper plugs 
and rings, gap gauges, height of spigots, flush pin 
depth gauge, and plug screw gauges. Methods are 
also described for checking engineer’s squares and 
straightedges, also the calibration of micrometers. 

When a book comes from the pens of practical 
experts like Hume and Sharp, one expects the result to 
attain a very high standard. The reader will not be 
disappointed. The writers clearly describe twelve tests 
which might be termed the bread-and-butter jobs of a 
metrology department or college metrology course. 

The book, together with the three volumes yet to be 
published, should be of the greatest value to metrology 
instructors. The price is sufficiently low to enable them 
to be bought by students and the books could well 
replace many of the “lab. sheets”? which have been 
prepared for students use. 

The book may be summarised by an extract from 
Mr. Loxham’s foreword: “ Technical College lecturers 
and instructors, inspectors, craftsmen, apprentices, and 
many others, will obtain great benefits from studying 
this book, because it indicates, probably for the first 
time, and in a very convenient form, a technically 
correct method of carrying out a group of typical 
experiments in Engineering Metrology ”. S.R. S. 


621.791 WELDING ” 
It is regretted that in the review of the British 
Welding Research Association’s publication, ‘“ Welding 
of Austenitic Corrosion and Heat-Resisting Steels ”, last 
month, the price was incorrectly given as £1. 17s. 6d. 
The actual price of this publication is £1. 7s. 6d. 


OTHER ADDITIONS 
338.96 EXTENT OF BUSINESS 

Florence, P. Sargant, and Baldamus, W. “ Investment, 
Location, and Size of Plant: A Realistic Inquiry 
into the Structure of British and American 
Industries.” Cambridge, University Press, 1948. 
211 pages. (National Institute of Economic and 
Social Research—-Economic and Social Studies, 
No. 7.) 


340 LAW 
Great Britain—-Laws, Statutes, etc. “Iron and Steel 
Foundries Regulations, 1953.” London, H.M.S.O., 
1953. 6 pages. 4d. (Statutory Instruments. 1953, 
No. 1464.) 


378.996 EDUCATION 
British Engineers’ Association (Inc.), London, and 
British Electrical and Allied Manufacturers’ 
Association (Inc.), London. *“* Management 
Training.” London, the Associations, 1952. 
16 pages. 





519.2 STATISTICS ; THEORY OF PROBABILITY 

Moroney, M. J. “ Facts from Figures.” 2nd and 
revised edition. London, Penguin Books, 1953. 
472 pages. Diagrams. 3/6d. (Pelican books.) 

Mueller, Robert Kirk. ** Effective Management 
through Probability Controls : How to Calculate 
Managerial Risks.” New York, Funk © Wagnalls 
Co., in association with Modern Industry Magazine, 
1950. 310 pages. Illustrated. Charts. (Modern 
Industry Books. 


607 RESEARCH 

Federation of British Industries, London—* Conference 
of Industrial Research Directors and Managers, 
No. 3, 1953.” Report of the . . . Conference . 
the commercial utilisation of research results. 
London, the Federation, 1953. 70 pages. 3/6d. 

Great Britain—Mechanical Engineering Research Board. 
** Mechanical Engineering Research, 1952.” 
London, H.M.S.O., 1953. 60 pages. Illustrated. 
Diagrams. 2/6d. 


620.1 STRENGTH OF MATERIALS 
Judge, Arthur W. “ Engineering Materials.” 2nd 
edition. London, Pitman, 1943-5. 2 volumes. 
Illustrated. Diagrams. 


621.77 MANUFACTURE OF SHEET, PLATE, 
TUBE, etc. 
Gregory, Edwin, and Simons, Eric N. ‘ Mechanical 
Working of Steel.” London, Pitman, 1943. 
198 pages. Illustrated. Diagrams. 


621.795 SURFACE PROCESSES ; FINISHING 

Dow Chemical Company, Midland, Michigan. 
“* Magnesium Finishing.” Midland, the Company, 
1952. Pages 128+ xii. Illustrated. Diagrams. 

Nelson, J. H. and Silman, H. “ Application of Radiant 
Heat to Metal Finishing : A Critical Survey of 
the “Infra-red” Process for the Stoving of 
Paints and Enamels.” 2nd edition. Revised. 
London, Chapman & Hall, 1945. 91 pages. 
Illustrated. Diagrams. 


621.888 SPRINGS 
Hodgson, Alan. **Leaf Spring Design.” West 
Bromwich, Richard Berry & Son, 1953. 60 pages. 
Diagrams. 


621.794 SURFACE TREATMENT OF METALS 
Imperial Chemical Industries Ltd., London. “ Phos- 
phating— in Principle and Practice.” Report of a 
Conference ... at... Birmingham . . . 1953. 
London, The Firm, 1953. 69 pages. Illustrated. 


621.822 BEARINGS 
Willi, Albert B. “ Handbook of Sleeve Bearings.” 
Detroit, Federal—Mogul Corp., 1941. 250 pages. 
Illustrated. Diagrams. 


621.83 GEARS 
Cincinnati Milling Machine Company, Cincinnati, Ohio. 
“ Cutting Gear Teeth on a Milling Machine.” 
Cincinnati, The Company, 1952. 59 pages. Illus- 
trated. Diagrams. 


621.884 RIVETS; RIVETING PROCESSES 
Francis, A. J. “Behaviour of Aluminium Alloy 
Riveted Joints.” London, Aluminium Develop- 
ment Association, 1953. 95 pages. Illustrated. 
Graphs. 7/6 (A.D.A. Research Report No. 15.) 


621.918 FILES; FILING MACHINES 
Diprofil Technique. Stockholm. ‘ Diamant-Produkter 
AB, 1952.” 60 pages. Illustrated. Diagrams. 


621.919 REAMING; BROACHING 
National Broach & Machine Company, Detroit. 
** Broaching Practice.” Detroit, The Company, 

1953. 80 pages. Illustrated. 














% 
t 





Vy 
it 


»f 


er 


it. 


ne 


i 


The Council of the Institution 
1953/54 
Pesbdent 


Sir Walter Puckey 
Chairman of Council 


H. Burke 
Vice-Chairman of Council 
G. R. Pryor 
Past Presidents 
Major-General K. C. Appleyard, C.B.E., The Rt. Hon. Viscount Nuffield, G.B.E., 
J. D. Scaife, Dr. H. Schofield, C.B.E. 
Vice-Presidents 
T. Fraser, C.B.E., E. W. Hancock, M.B.E., J. E. Hill. 
Sub-Council Presidents 
AUSTRALIAN SusB-Councit—J. N. Kirby. 
Soutu AFrican Sus-Councit—W. G. Gillespie. 


Section Presidents 


ee ee ee ee Adelaide ee: NONE 5b. oe chesa sccaees Leicester FB: nsec ck eee Reading 
B. G. L. Jackman ...... Birmingham PINS Sco =. Sono xan ncoeaeia Lincoln Lee eee Rochester 
RSS eee Bombay Re ae ree Liverpool 5. TE. SRM: 6-5 es vicwccdeas Sheffield 
J. Warren-Boulton ............ Calcutta A eS eee London H. Bainbridge ............ Shrewsbury 
Cr) We pees cacevnescnsvecsins Canada Sy ee er Luton W. G. Gillespie ......... South Africa 
Capt. F. W. Spencer ......... Cornwall H. Spencer Smith ......... Manchester Ao ae Southern 
Se een Coventry ce ee Melbourne R. R. Kenderdine ...... South Essex 
AS. ie NEW iaticrcndaccemcsdaees Derby | New Zealand Ch, Bi, Becks ewes secccesnecoes S. Wales 
SMO niepieiscdwkoknasiwnsers Dundee J. Henderson ............ North Eastern Ns: ag WBMES ctacdessSeanescaneeers Sydney 
ic We RE es sanwendnnie E. Counties So PRR N. Ireland E. F. Gilberthorpe ............ Western 
Br, A. ©. Bieie . «0.60.8. Edinburgh oy EES er ees Nottingham Capt. Leighton Davies,C.B.E. W.Wales 
ae een Glasgow PS eo Oxford RR: OUI cccinicce cc. Wolverhampton 
B, MOMEOEE co Loreccseavonsotaans Halifax Be NINE ccccaxcesascveesos Preston S. G. Haithwaite ............ Yorkshire 
Additional Section Representatives 
E. Percy Edwards ......... Birmingham Ae ere London Wig EAE: 5. 0555s svdiewencteous Sheffield 
H. W. Harper, M.B.E. ... Birmingham _ 3g) eer eee Luton re Western 
a ne ree Coventry SS eee Manchester Cs. We, DE. A vcccuncceomeuuees Western 
PE ED ics pest essionxen dovaes Glasgow BM. G. Gaerory \....00500085 Manchester ©... he ee ek vce Wolverhampton 
Pit re NE sana eciwedervexaen Leicester Es: (EOUOON . ccersceses N. Eastern H. Tomlinson ......... Wolverhampton 
es POE aia sinconenvcentnecces London | re Preston F. T. Nurrish, M.B.E. ...... Yorkshire 


Chairmen of Standing Committees 
W. J. T. Dimmock’ B. H. Dyson C. M. Holloway C. L. Old’ S. A. J. Parsons M. Seaman 
The Rt. Hon. Lord Sempill, A.F.C. 
Elected Members 


A. J. Aiers H.W. Bowen, O.B.E. R.M. Buckle J. E. Burnett R.S. Clark W. Core B. H. Dyson 
P. G. Garside B.G.L. Jackman Prof. T. U. Matthew A. L. Stuchbery  H. J. Swift. O.B.E. 





Overseas Sub-Councils 


AUSTRALIA 
President 
J. N. Kirby 
Chairman Vice-Chairman 
J. H. Law H. G. Sutton 


Elected Members 
R. W. Deutsher S. Downie N. Eaton N. Esserman W. M. B. Fowler W. Gwinnett W. L. Hemer _ E. Herbert 
J. O. Ogden C. Pullen B. G. Ross J. E. Strick A. Welsh L. W. Worthington 


SOUTH AFRICA 
President Vice-President 
W. G. Gillespie H. J. G. Goyns 
Past Presidents 
B. Anderson R.H. Arbuckle L. H. L. Badham G. Godfrey J. Henry D Lion-Cachet J. Renwick A.C. Wotherspoon 
Elected Members 
G. T. Chawner D.N.S. Clare’ V. J. S. Donnelly CC. O. Doehring D. E. Hamm D. A. Petrie G. M. Pratley 
P. L. Ward H. H. Waters 


SUB-SECTION CHAIRMEN 


ae, TRIE sien caccccasavenss Doncaster eS. eee Peterborough 
i | ren Gloucester H. Porter ............... Stoke-on-Trent 
Ch Pe BNE oc ckexccca ccs ccue, Norwich AE SD Oe eee Worcester 





Secretary of the Institution 


W. F. S. Woodford 


259 








Adelaide (South Australia) 
Melbourne (Victoria Australia) 
Sydney (N. S. Wales) = 


Canada 


Bombay 


Calcutta 
New Zealand 


South Africa 


Birmingham 


Cornwall 

Coventry 

Derby roe 
Doncaster Sub- Scotion 
Dundee 

Eastern Counties 
Edinburgh ... 
Glasgow 
Gloucester & District 
Halifax 

Leicester & District 
Lincoln iret 
Liverpool 

London 

Luton 


Manchester 

North Eastern 
Northern Ireland 
Norwich Sub-Section 
Nottingham . 
Oxford 


Peterborough | Sub-Section ; : ‘ 


Preston 

Reading . 
Rochester & District 
Sheffield ane 
Shrewsbury 

Southern 

S. Essex oa 

South Wales & Mon. 


Stoke-on-Trent Sub-Section 


Western ° 

West Wales 
Wolverhampton 
Worcester Sub-Sectioon 
Yorkshire 


Birmingham 
Coventry 
Halifax 
Liverpool 
London 

Luton 
Manchester 
North Eastern 
Sheffield 
Western 
Wolverhampton 
Yorkshire 


260 


SECTION HONORARY 


GRADUATE SECTION HONORARY SECRETARIES 









SECRETARIES 





AUSTRALIA 
W. L. Hemer, 6 Bedford Street, Brooklyn Park, South Australia. 

R. W. Deutsher, Bank House, 11 Bank Place , Melbourne, C.I., Victoria, Australia. 
A. Welsh, Room 802, 16 Barrack Street, Sydney, Australia. 














CANADA 
M. Wood, 31 Conway 







Pp. Avenue, Toronto, 10, Ontario. 








INDIA 

S. V. Krishnamurty, c/o Machine Tools (India) Ltd., Imperial Chambers, Wilson 
Road, Post Box 522, Bombay 1, India. 

N. N. Sen Gupta, 110 Surrendra Nath, Banerjee Road, Calcutta 13. 





NEW ZEALAND 
H. R. Holmes, Pah Road, Papatoetoe, Auckland. 


SOUTH AFRICA | 
The Secretaries, Institution of Production Engineers, Barclays Bank Buildings, ; 
Corner Commissioner and Harrison Streets, Johannesburg. é 
UNITED KINGDOM 
B. W. Gould, Dept. of Industrial Administration, College of Technology, Suffolk 
Street, Birmingham. 
F. G. Hawke, 17 Church Road, Pool, Redruth, Cornwall. 
H. D. S. Burgess, 5 Orchard Crescent, Coventry. 
A. Short, 244 Uttoxeter Road, Mickleover, Derby. 
W. H. Edwards-Smith, 32 Westmoreland Street, Balby, Doncaster. 
K. Fairweather, c/o D. Morrison, 13 Kerrsview Terrace, Dundee, Angus. 
A. B. Brook, Davey, Paxman & Co. Ltd., Britannia Works, Colchester. 
A. Atkinson, Priory House, South Queensferry, West Lothian. 
W. H. Marley, G. & J. Weir, Ltd., Coltness Foundries, Newmains, Lanarks. 
P. C. Bradshaw, Woodland View, Norton, Glos. 
Miss N. E. Bottom, Hopkinsons Ltd., Huddersfield. 
A. T. Vasey, c/o Wadkin Ltd., Green Lane Works, Leicester. 
H. Wright, 101 Longdales Road, Lincoln. 
L. C. Jarman, 17 Cambridge Road, Prenton, Birkenhead. 
R. Hutcheson, Machine Shop Magazine, Dorset House, Stamford St., London, S.E.1 
J. F. W. Galyer, Engr. Dept., Luton & South Beds College of Further Education, 
Park Square, Luton. 
G. R. Parker, 722 Ripponden Road, Moorside, Oldham. 
G. D. Robinson, 27 Holme Avenue, Newcastle-on-Tyne 6. 
W. G. Wyman, “ Linden Lea”, Cultra, Co. Down, N, Ireland. 
F. H. S. Heidenstam, 33 Cecil Road, Norwich. 
C. N. T. Manfull, Chellaston House, Thurgarton Street, Nottingham. 
M. J. Inston, 53 Rymers Lane, Cowley, Oxford. 
E. G. Perrett, 165 St. Pauls Road, Peterborough. 
F. T. Graham, 254 Whalley New Road, Blackburn, Lancs. 
R. W. H. Mark, “ The Beeches ”, 41 Reading Road, Woodley, Berks. 
W. G. Clements, 11 Charing Road, Gillingham, Kent. 
E. Levesley, The English Steel Corporation Ltd., Sheffield. 
J. A. Francis, “‘ Meole Meads”, Bank Drive, Longden Road, Shrewsbury. 
P 
Ww 


2 nn a 


J. W. Taylor, 44 Deacon Road, Bitterne, Southampton. 
. H. W. Everitt, 6 Hillcrest Road, Loughton, Essex. 
. D. Porter, 49 Kyle Avenue, Rhiwbina, Cardiff. 
R. Rowley, North Staffordshire Technical College, Stoke-on-Trent. 
A. Eustace, 19 Ferndale Road, Northville, Bristol 7. 
H. P. Sanderson, I.C.I. Ltd. (Metals Division), Waunarlwydd, Nr. Swansea. 
W. B. Pamment, Wolverhampton and Staffordshire Technical College, Wolverhampton. 
R. Wheeler, Old Farm House, Parish Hill, Bournheath, near Bromsgrove, Worcs. 
J. L. Townend, 26 Moor Allerton Drive, Street Lane, Leeds 7 


CORRESPONDING MEMBER IN THE MIDDLE EAST 
J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. 


W. Silberbach, 44 Linwood Road, Handsworth, Birmingham 21. 
B. Rutter, 1 The Countess’s Croft, Cheylesmore, Coventry. 
W. Overin, 353 Whitehall Road, Westfield, Wyke, nr. Bradford 
L. Henthorne, 306 Robins Lane, Sutton, St. Helens. 
]. Saunders, 12 Woodfield Road, Ealing, London, W.5. 
. G. Ethelston, c/o 106 Argyll Avenue, Luton, Beds. 
Allott, 47 Williams Crescent, Chadderton, Nr. Oldham, Lancs. 
= F. Loebl, 32 Deneside Avenue, Low Fell, Gateshead-on-Tyne 9. 
. Shaw, C. & J. Hampton Ltd., Sheffield 2. 
C H. Spearing, Severn View, Easter Compton, nr Bristol. 
W. L. Pace, “ Linden”, 10 Ezekiel Lane, Short Heath, Willenhall, Staffs. 
R. C. Taylor, 91 Broadgate Walk, Horsforth, nr. Leeds. 


9d eC) 
















The Institution of Production Engineers Journal 





~ TESTED 


U.K. MEMBER OF THE CONSOLIDATED ZINC CORPORATION LIMITED <2 33 E 1 @) R = IT 
. N REACHES YOU 





Mazak specimen being examined 
on Vickers Optical Microscope 


THE MAZAK CAST SOLEX CARBURETTOR 
Se eee oe eee Mazak — throughout all stages of its 
OF PRESSURE DIE CASTINGS THAT OWE - 
FER RELIAGSLITY FO production is quality controlled. Spectro- 
PRE-TESTED METAL. 
graphic technique is used to control 
composition and many other tests are 
made to determine the properties of 


pressure die castings in Mazak. 


IML ANZZ ANI 


Now supplied in 1 ton pallets to 


ensure safety and ease in handling 


IMPERIAL SMELTING CORPORATION (SALES) LIMITED - 37 + DOVER STREET LONDON - __ W.1. 





When replying to advertisements please mention the Jovrnal 
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Announcing 


3 NEW CLEVELAND 
AUTOMATICS 








THE 4:” MODEL AB 
SINGLE SPINDLE DIALMATIC 


with electric feed drive for turret tools —no cam 
changes. 


@ Precision — high-speed 
and low-cost production 


THE 2:” AND 4;” MODEL AW 
SINGLE SPINDLE AUTOMATIC 


@ Simplified, fool-proof design . . . 





HIGH-SPEED, ACCURATE, RUGGED MACHINES... 
QUICKLY SET UP; EASILY OPERATED; MACHINE 
MAINTENANCE REDUCED TO A MINIMUM 


Get full information on these NEW money-saving models from 


SOLE AGENTS 


SW avcmeylct oyenl E-Kedobbetcme Mole) ul Ore hee axe! 


CUNARD WORKS, CHASE ROAD, NORTH ACTON, LONDON, N.W.10 B00 


# GROUP 
elegrams Selsomachi, Londor pares 


$312 SMT 149 




















nal 


m 





LS 











The Institution of Production Engineers Journal 


% Si = 


“Plain Pointers * 
on Projection 





AMONG the definitions listed by Webster for 
* adapted or adaptable 
to all or to various uses, sizes, shapes, et cetera “ 


the adjective universal is: 


-a definition we like to feel applies to Kodak 
Contour Projectors. 

Admittedly, we make two projectors, one for 
routine inspection gauging (the low cost of which 
might surprise you) and a _ second for tool- 
room use affording measurements to ** tenths ° 
Optically, however, these two instruments are 
one And it’s their optical system which makes 
them truly ‘* universal ° 

Back in the early days of design, our engineers 
set out to provide in a single contour projector 
light sources both for horizontal and for vertical 
shadow projection. They also developed the 
unique Kodak Surface Illuminator, a self-contained 
light source which affords surface projection in 
either plane. Their reasoning was economic. 
By combining these features, the instrument could 
be easily adapted to a wide range of parts; the 
more uses to which the projector might be put. 
the socner it weuld pay for itself in the shop. 














Above drawing illustrates how vertical light 
source is utilized. With part on a glass staging 
platform, image is reflected by mirror (A) into 
optical system of projectcr. 


Nothing has happened since the design stage 
to shake us in this belief. However, we have 
been somewhat surprised by some of the highly 
ingenious ways in which our projectors are used: 
as in the case of the typewriter fixture (illustrated 
in our advertisement at the right), where the 
surface illuminator yields a simultaneous plan and 
profile view of the type bar face 

Equally ingenious, if not more so, is a device 
which employs both the horizontal and vertical 
light beams to simultaneously project the shadow 
image of a shaft and a reticle scale for gauging 
its tolerances. A description of this application, 
which runs to more words than space here 
affords, is available on request from Gaston 
E. Marbaix Ltd., Devonshire House, Vicarage 
Crescent, Battersea, London, S.W.11. Just ask 
tcr the folder on the new, universal shaft 
checking fixture. 

Applications such as these have opened the 
eyes of many engineers to the fact that inspection 
by optics today has overcome traditional limita- 
tions. In the best sense of Webster, contour 
projection may be “adapted to various uses. 
sizes, shapes, et cetera "’. And to the solution of 
various problems in inspection and _ precision 
measurement, including, perhaps, your own. 
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This ‘*3-D picture” showed the 
way to cut aligning time 25°/, 


What you see here on the Kodak Contour 
Projector is both the front and side view 
of a typewriter type bar—a picture that 
helped reduce aligning time 25 per cent. at 
Commercial Controls Corp., manufacturers of 
tape-controlled Flexowriters and Justowriters 
Light reflected from the surface of the type 
character provides an image for rapidly 
checking horizontal and vertical alignment of 
the letter. Simultaneously mirrors in the 
special holding fixture project a profile image 
of the type—yield an accurate check of the 
desired. position of the letter as it will 
contact the platen. Only the Kodak Contour 
Projec.or’s unique surface illuminator makes 
possible this combined plan and profile view 
Alignment of type is a critical factor on 
these automatic machines which type at 
100 words a minute and must produce copy 


for printing reproduction Until recently 


Commercial Controls had to perform this 
inspection operation during final assembly 
Now. this new gauging technique has made it 
possible to inspect the type bars immediately 
after their removal from the soldering jigs. 
Each bar is quickly moved into place and 
compared with the tolerance lines of the 
chart-gauge on the screen. Alignment of 
letters is held to a tolerance of + .0002 inch, 
contact to + .0015 inch. And, by catching 
errors at this point, aligning time has been 
cut 25 per cent. Perhaps the speed, precision, 
and economy of optical gauging can help 
you solve a difficult inspection or measure- 
ment problem. Our representative will be 
glad to call and discuss your problem with 
you You can get in touch with him or 
obtain a copy of the booklet, ** The Kodak 


Contcur Projector’, by writing to 


GASTON E. MARBAIX LTD 


DEVONSHIRE HOUSE - VICARAGE CRESCENT - BATTERSEA - LONDON - S.W.II 
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has been designed for pro- 
duction from bars up to 


. Tool Position Spindle Surface Feed 
DESCRIPTION OF OPERATION Speed Speed Cuts 
Hex.Turret | Cross-slide R.P.M. Ft. per Min.| per inch 
Dd mee: = 
ps Chuck on A - - - - -- — - — — 
Yy ts @ Rough FaceEnd- - - - | — $7.1 240 260 93 
Weis Rough BoreB_ - - - - - 1 ~ 500 260 Hand 
é f Recess Bore C - - - 2 240/35 | 240/35 | Hand 
Chamfer Bores - - : a 700 690 Hand 
Finish Bore Band BoreD_ = - - 4 | 1000 525 270 
Rough Angle Face E_ - - : - | S72 240 450 /|133/Hand 
Finish Angle Face E (2 cuts) . - 5 | Rear | 240/350 | 450/650! 93/133 
Tap 15” x 14 T.P.I - . - 6 70 20 14 
Chamfer O/dia - - -~ - . | $.7.2 70 130 Hand 
Remove - - - - - - — — _ 
The Ward No. 7 ‘Prelector’ 50 Ton Tensile Steel Forging, En.9 Tungsten Carbide Cutting Tools 
Combination Turret Lathe Floor to Floor Time: 10} minutes 


2.1/2 in. dia. and chuck work having a maximum swing of 16in. over the bed covers. Special 
features incorporated in the machine include the patented hydraulic preselecting speed change 
system which provides for setting the speed for any operation whilst the previous operation is 
running. Maximum production within the capacity of the lathe is ensured by making full use of 
Tungsten Carbide cutting tools. The Bevel Wheel Blank illustrated above is a typical example of 
work produced on the No. 7 ‘ Prelector’ Combination Turret Lathe. 


OUR EXTENSIVE RANGE INCLUDES CAPSTAN AND 
TURRET LATHES WITH CAPACITIES UP TO 35 in. 


SWING OVER THE BED. Full details on application. 


H.W.WARD & CO. LTD 


SELLY OAK f=} BIRMINGHAM 29 
TELEPHONE we 7 SELLY OAK 1131 
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Churchill 


By their ability to maintain low limits 
and fast production rates CHURCHILL 
Precision Grinders make an important 
contribution to the outstanding achieve- 
ments of the British Aircraft Industry. 


Illustrated here is the CHURCHILL 
Model ‘ BW’ 10” x 36” Plain Grinding 
Machine; can be supplied as a non- 
automatic or a fully automatic Plain 
Grinder. 


Home Selling Agents : 





Export Sales Organisation : 


Charles 


‘ English Electric’ Canberra 


(Photograph by permission) 





THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, nr. MANCHESTER 


Associated British Machine Tool Makers Ltd. 


London, Branches and Agents. 
Churchill & Co. 


Ltd., Birmingham and 
Branches, 


PRECISION plus PRODUCTION 


When replying to advertisements please 


mention 


the 


Journal 
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HOLEMAKING 





THE HIGH STANDARD OF ASQUITH *SPECIALIST”’ 


WORKMANSHIP STARTS IN OUR OWN MODERN 


FOUNDRY AT HALIFAX & IS° CARRIED RIGHT 


THROUGH TO THE FINISHED PRODUCT THUS 
ENSURING A STANDARD OF 
SECOND TO NONE. 


HOLEMAKING 


LONDON OFFICE, HALIFAX HOUSE, STRAND, W.C.2. 


Sales and Service for the British Isles 
DRUMMOND-ASQUITH (SALES) LIMITED KING EDWARD HOUSE, NEW STREET, BIRMINGHAM 
"Phone ; Midland 343! (5 Lines) 


And at LONDON & GLASGOW 








AM 


GOW 














The Institution of Production Engineers Journal 


XXV 






This close up of the MAXICUT 
No. 2A Gear Shaper shows gear 
blanks being ‘clocked’ with ease 
by turning the work-spindle 
from the side of the machine. 





3 Change gears are conveniently 
a: y located at the side of the 
: \ machine—another MAXICUT 


time-saving feature. 


FULL PARTICULARS ON REQUEST 





PRODUCTION GEAR SHAPERS 
DRUMMOND BROS., LTD., GUILDFORD 


Sales & Service for... DRUMMON D-ASQUITH . . . the British Isles 


DRUMMOND - ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW STREET, BIRMINGHAM 
Phone: Midland 3431 (5 tines) Also at LONDON & GLASGOW 
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- - Step up production 
of small components 


FOR BURROUGHS ADDING MACHINES 












SIDE FRAME 


HI-TON Operation 
Straightening 
Production 300 per hr. 


EEE tn ET 


















SECTOR 


HI-TON Operation 
Broaching, 
Paralleling, 
Squaring, 

Hole size: -127” + 0005” 
Production 640 per hr. 





eet 


CARRY LATCH i ¢ 
HI-TON [operation 
Sizing 
Production 600 per hr. 








There are presses in capacities from I to 250 tons 


By installing these presses BURROUGHS ADDING MACHINE LTD. are obtaining the most consistent 
standard of production with rapid operation at low cost. As HI-TON self-contained hydraulic 





presses are under sensitive hand or foot control a high hourly output can be maintained throughout 
the day without operator fatigue. Why not send us YOUR pressing or assembly problems—? 


Sales & Service for... DRUMMON D-ASQUITH . . « the British Isles 


DRUMMOND ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW  ST., BIRMINGHAM 
Phone: Midland 343! (5 lines) Also at LONDON & GLASGOW 
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Rapid Copying Lathes 


Slash production n Umer 


AXVII 














These lathes copy direct from a workpiece or from a 1:1 





















































Qn ; ' : 
templet. Hydraulic power is applied to the feed and rapid. 
‘ie return of the longitudinal slide. Parts with shoulders of 90°, 
y FIRST OPERATION tapers, concave or convex forms, etc., are produced in very fast 
ansze 15° I's I%% one an times to a high degree of accuracy and with fine finish. Height 
4 P F ° ” 
~ centres 411”. Available with distance between centres 153 
r 253". 
SECOND OPERATION 
’ __ "Ay 
= 
r= 
12% 
1005” Material St 60. 11 
hr. First operation 138 secs. 
Second operation 67 secs. 
; Total time 
f 3 minutes 25 seconds 
H , 
n 
hr. 
1" 
LJ ~— a 
i ear size 1% | 1% aE 
ons | . 








SECOND OPERATION 


? lg } al 196 
5 4 | “2 1% i; 


















13% 
Material St 50. 11 
First operation 137 secs. 
Second operation 251 secs. 
Total time 


6 minutes 28 seconds 


— | WICKMAN of COVENTRY 


HAM : LONDON ° BRISTOL ° BIRMINGHAM ° MANCHESTER 
SGOW LEEDS e GLASGOW ° NEWCASTLE ° BELFAST 
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Spiral Flute taps tor blina 
hole tapping. Spiral Point 
taps for thr.ugh hole tap- 
ping. In cach case only 
One tap is needed 


AND RING GAUGES 


are in steadily increasing demand throughout 
industry. Their precision and exemplary accuracy 
ensure complete satisfaction. 





CEJ Mikrokator | 


The CEJ Mikrokator is an entirely frictionless 
mechanical comparator, Amplification by a twisted 
strip to the pointer without friction between solids 
or fluids. Special construction enables the pointer 
to come quickly to rest. 


a 3: ty 
rs 


CEJ ROUND DIES 


Adjustable or solid; obtainable in all 
standards. 





Measuring ranges vary from ‘006” to ‘000I”, the 
graduations varying from 0001” to ‘000002’. ! 
t 


CEJouansson LTD. . 


PRECISION TOOLS AND INS eee 8 eo 





A.l.D. & A.P.I. APPROVED 


SOUTHFIELDS ROAD - DUNSTABLE BEDS - TEL: DUNSTABLE 422/3 
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HERBERT 
~ AUTO JUNIOR 


Uy 7 
x. 





THE HERBERT AUTO-JUNIOR 


FAST - ACCURATE - EASY TO SET 


A* automatic chucking machine for the rapid machining of small parts 
of cast-iron, steel or non-ferrous metals. 


One operator can attend to four or more machines. 


The patent self-selecting feed motion enables each operation to be 
done at the most suitable feed, ensuring a high rate of production. 


Air or electrically-operated chucks reduced idle time to the minimum. 


Capacity: Parts of disc form up to 6” = 3”, othcr parts up to 44’ 
diam. x33" long. 
Maximum swing Ds! we A 84" 
Working stock of turret es xia 52" 
Speed range,r.p.m. .. » 53-1484 


DELIVERY - 4 WEEKS 


Full particulars available on request to :— 


Head Works, ’Phone: 88781 (12 lines). 


ALFRED HERBERT LID * COVENTRY 


When replying to advertisements please mention the Journal 
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NEVEN TOOLS 
speed the job! 
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A Customer’s Comment : 
By using your “‘Neven’’ Tools we have reduced the time for roughing 


special lenses from 5 minutes to 45 seconds and are obtaining a 
more accurate curve. 


Over twenty years ago Mr. Neven introduced his Impregnated Diamond 
Tools. Great technical advances have been made in succeeding years 
and production is still under the personal supervision of Mr. Neven 
Our latest catalogue gives the widest range of Diamond Tools yet listed 
for working tungsten carbide, glass, quartz, stone, ceramics and hard 
refractories, etc. 





Keep right up to date by sending for a copy today. 


IMPREGNATED DIAMOND PRODUCTS LTD - GLOUCESTER 
TELEPHONE 21164 (3 LINES) TELEGRAMS IMPREG GLOUCESTER 
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See the latest equipment for 





speeding production at Britain’s fourth 


MECHANICAL HANDLING 
EXHIBITION & CONVENTION 


OLYMPIA * LONDON « 9-19 JUNE 1954 


MECHANICAL HANDLING is so important that no industry can 
function properly without it; umnecessary work is eliminated, 
bottlenecks are overcome, and production is increased many-fold. 
Britain’s Mechanical Handling Exhibition and Convention—held 
every second year—is the biggest of its kind in the world. Nowhere 
else can you see such a comprehensive range of equipment, or hear 
experts in so many industries discuss the latest machines and methods. 

This year’s Exhibition will demonstrate the enormous strides made 
in handling techniques during the last two years, and bring to the 
Convention platform Britain’s leading mechanical handling engineers 
who will point the way to higher output at lower cost. Plan your 
visit today ! Post the coupon for full particulars. 


The world’s largest display of 

Conveyors, elevators, hoists, stackers, cranes, 
mechanical loaders and shovels, fork lift trucks, 
industrial trucks, coal handling plants, overhead 
runways, aerial ropeways, grain handling plant, 
wagon tipplers, pneumatic installations and 
ancillary equipment. 


Many working exhibits. 

So vast is this exhibition that ample floor space is 
provided for much of the equipment to be de- 
monstrated under working conditions 


Special Facilities: 

Full information service; free consulting bureau; 
overseas visitors’ reception and lounge; industria! 
cinema ; post Office, etc. 


Organized by ‘ MECHANICAL HANDLING '—the journal! of industrial mechanization 





NAME 


ADDRESS 





To: “Mechanical Handling,” Dorset House, Stamford Street, London, S.E.I. 


Please send me the 1954 Exhibition Brochure with details of Convention, free season ticket, etc. 





When replying to advertisements please mention the Journal 








Xxxii The Institution of Production Engineers Journal 








the domestic diamond | 


The efficiency of a domestic vacuum cleaner depends on the 
small high speed motor. Diatipt tools are used to finish 
the surface of the copper commutator so that wear on the 
contacting carbon brushes is reduced toa minimum. Most 
other household aids depend in some way on diamond tool- 

ing for their efficiency. This extends even to the finishing 
of aluminium kitchen ware. 









VAN MOPPES & SONS 
(DIAMOND TOOLS) LTD 


BASINGSTOKE * HAMPSHIRE + BASINGSTOKE 1240 








TRADE MARKS: DIATRU + DIANYF - DIATUF + DIATIPT - DIADUST - DIAFORM + DIADEX 








irnal 


on the 
» finish 
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nishing 
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°‘*Kor Price and Performance 
either in the Tool Room or general 
Production you can not buy 
a better Lathe’ 





Here are the main details : 


|. Actual swing II in. over 
the Bed— [83in. in the Gap. 
24in. or 40in. between 
centres. 


2. All geared headstock 
with shaved Gears through- 
out. 


3. Eight spindle Speeds 
31-720 r.p.m. or 16 with 
two-speed motor, 31-1,440 
r.p.m. 


4. Totally enclosed drive. 


5. Spindle bore I}in. with 
collet capacity of I}in. 


6. Leadscrew used only for 
screw-cutting. 


Built throughout to Schle- 
singer limits, Sound and 
robust construction for 
long years of trouble-free 
service. 


Write for illustrated literature to: 
T. S$. HARRISON & SONS LTD. HECKMONDWIKE, YORKS. 
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Rover Car Factory, Solihull. High intensity lighting in a 
body spray tunnel by fluorescent lamps in a glazed enclosure. 


Joilored for the job 


The lighting of many processes is vital to the smooth and rapid flow of HOW TO GET MORE INFORMATION 
work and to the quality of the finished product. For example, poor 
lighting could make a spray tunnel into a bottle-neck — each job taking you on how to use electricity to greater 
a little too long, a little portion missed, a return to the spray line — and advantage —to save time, money, and 
so the whole production line marks time. Whatever form it takes, good materials. The new Electricity and Pro- 
lighting not only helps to provide a satisfactory working environment but ductivity series of books includes one on 
is an active production tool. lighting — “* Lighting in Industry ”. Copies 

Fluorescent lighting is as good as daylight — only more consistent. It can be obtained, price 9/- post free, from 
is efficient ; it is economical; and it is fexible. You can * tailor’ it, easily | E.D.A., 2 Savoy Hill, London, W.C.2, or 


Your Electricity Board will be glad to advise 


and exactly, tc the special requirements of production at all stages. from your Area Electricity Board. 


SY SS ee eee 
M4 4 yy XS 
eC i | y N ys Issued by the British Electrical Development Association 
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Call in KING... 
and get 


things moving 











* Cranes to make loads of up to 200 tons 
a push-button job * Overhead Runways and 
Electric Pulley Blocks to lift 100 lbs. to 

10 tons, single or double speeds * Overhead 
Conveyors to carry from feather-weight up to 

1 ton per trolley * Slat, Belt and Roller Conveyors 
—to handle ounces or tons * Bristol Aeroplane Co., 


Y 


: ae. | . s é Typical KING Crane, incorporating 
Vauxhall Motors, National Cash Register Co., iamtde santa til salmaaa 


Electrolux use KING handling gear. Find out how KING 





ghting in a can help you—write for illustrated booklets. 


d enclosure. 
































| 
i —--. KINGS STRENGTHEN YOUR HAND 
rION ae as 
advise iY } 
reater in 
and [act = 
Pro- ia iy 
ne on | anses 
Copies Lh REGISTERED TRADE MARE 
, from Or « tA | 
ee Dai 3 CONVEYORS - CRANES 
( ( My ‘ah! 
I\ ' PULLEY BLOCKS 
Axinc Marvex Electric Pullev Block and runway A KING overhead chain convevor in action Covered by British and Foreign Patents 
ciation 


Our representative wil! cail on you—anywhere in the world. C=O. W. KING LTD., 1g ARGYLE WORKS, STEVENAGE. TELEPHONE : STEVENAGE 440 


When replying to advertisements please mention the Journal 
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another BARBER-COLMAN development 








THE 
TAPER CORE 
SPLINE 


Involute or straight-sided TAPER 
CORE keys for 























@ Greater strength. 
@ Mctal-to-Metal contact. 
@ Accurate location of Mating parte. 


@ Greatest security under reciprocat- 


ing stresses. 





@ Provides greater area of key contact. 
, ‘ . | 
@ Saves time and work in assembling \ Alr 
a product. | has 
in 
B-C MODEL 16-11 HOBBING MACHINE @ Eliminates chance key failure. | adc 
Although designed primarily for hobbing taper 
splines on shafts, this machine may also be used Mati ' ee a SCC 
7 . Me y £ 4) y 
for general purpose hobbing. 7 oe Po To > STE 
It is the ideal machine for the manufacturer who broaching a tapered reamed hole. Th 


desires to improve his product by applying taper Pu 
splines, eliminating the necessity of buying a 


special machine which could otherwise not be pi 
used for general work. Zi 
ar 
BARBER & COLMAN LTD. MarsSLAND ROAD, BROOKLANDS, MANCHESTER 


Telephone: SALE 2277 (3 lines) Telegrams: “BARCOL”, SALE 
EE 





Almost as quickly as you can say the words “Think Zinc,” molten zinc alloy 
has become the Plessey gramophone record-changer base you see here. This speed 
in production is just one reason why in recent years so many industries have 
adopted the zinc alloy die casting process. Other outstanding advantages are :— 
SCOPE FOR DESIGNER * EXTREME ACCURACY * GOOD CORROSION RESISTANCE - STABILITY 
STRENGTH * LONG LIFE OF DIES * LITTLE NEED FOR MACHINING * LOW UNIT COST 
The Association welcomes inquiries about the use of zinc alloy die castings. 
Publications and a list of Members are available on request. We suggest you 
write for our booklet “Zinc Alloy Die Castings and Productivity.” 

Zinc is now plentiful. There 


are no restrictions on its use. by \ Dp 2 i\ 
LADS: 


ZING ALLOY DIE CASTERS ASSOCIATION * LINCOLN HOUSE * TURL STREET * OXFORD « TEL: 48088 
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— SPARKS 
ARE. THE BEST TOOL-MAKERS 


Spark machining has shown phenomenal savings 
in many tool room applications using semi-skilled 
labour. If your problem is complicated shapes and 
hard-to-machine materials it would interest you to 
see our demonstration equipment put to a test on 
your own particular machining, diesinking or 
piercing operation. 


We illustrate a typical One Piece Blanking Die made by 
the Sparcatron Process. 





||| 

i Sparcatron spark machining methods and 
apparatus are fully protected by British and 
foreign patents. 


“ 


TUFFLEY CRESCENT - GLOUCESTER Telephone: Gloucester 21/64 (3 Lines) 





Sole licensees in the United Kingdom: (IMPREGNATED DIAMOND PRODUCTS LIMITED - GLOUCESTER 
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SPECIFICATION 














Maximum diameter 
of work ... bc occ ee 


Maximum length of 
plunge ground work ...33” 


Grinding wheel : 

Diameter x width 12” x 3}” 
Speed ... 2,000 rpm 
Motor 3 HP 








Profile dressing and plunge 
grinding attachments are 
supplied as standard 
equipment. 


This new Model is another 
addition to the range of 
ESSEX machines manu- 
factured by the Motor 
Gear & Engineering Co. 
Please write for full details. 








EHJONES —_—_ 


(MACHINE TOOLS) || TD 








GARANTOOLS HOUSE, PORTSLADE 
BRIGHTON - - - SUSSEX 


Telephone : HOVE 47253 Telegrams : Garantools, Portslade 








LONDON - BIRMINGHAM - EDINBURGH - MANCHESTER - BRISTOL 
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PRESSURE DIE-CAST 


( IN MAZAK OF COURSE ) 





This is an example of an 
intricate die-casting, which, 
produced by any other 
process would require 
considerable machining. 


We have all the technical know- 
ledge to make such components a 
profitable die-casting proposition. 
This knowledge is at your disposal 
and consultation with us in the early 
stages will ensure your components 
being produced in the most cost-saving 
manner. 


WOLVERHAMPTON DIE-CASTING 


AFFILIATED WITH 


‘PRECISION CASTINGS CO. INC. (U.S.A.) 





WOLVERHAMPTON DIE-CASTING CO. LTD. - GRAISELEY HILL WORKS - WOLVERHAMPTON 
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INSTANT CONTROL 
OF ACCURACY ON 
PROFILE FORMING! 


The *PG’ PROFILOSCOPE has 
proved highly successful for accu- 
rately controlling the forming of 
irregular shapes and _ profiles 
during production. It can be 
simply applied to many types of 
machine tools and results in 
tremendous savings in time and 
greatly increased accuracy. The 
turret head holds standard and 
special graticules according to the 
form to be produced. Magnifi- 
cation 30x or larger. 


Re 
oo PROF 


and the PROJECTORSCOPE 











This instrument is designed on similar 
lines to the Profiloscope, but has a 
screen in place of an eyepiece. The 
graticule, workpiece, and grinding 
wheel or tool are observed at a 
magnification of 25x on a 7}” dia. 
screen. 


PRECISION GRINDING LTD. 


MILL GREEN RD., MITCHAM JUNCTION, 

SURREY. TEL. MITCHAM 3014 

A SUBSIDIARY OF GEORGE H. ALEXANDER 

MACHINERY LTD. 82-4 COLESHILL ST., B’HAM, 
TEL. ASTON CROSS 3264 
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rubber 
mouldings for 







industry 


We are well equipped to design 
and manufacture general mould- 
ings and extrusions of all types in 
rubber and plastics. Our design- 
ers will be pleased to discuss 
your problems with you and our 
super-modern plant ensures an 


accurate, well-finished product 


Let us solve your 
problems. 


Our Technical Staff 
and Laboratories are 
at your service. 


GENERAL MOULDINGS 
AND EXTRUSIONS 


ANOTHER 


OF ALL TYPES IN 
| Dl p La RUBBER AND PLASTICS 
RUBBER IMPROVEMENT LIMITED 
PRODUCT ? 


WELLINGBOROUGH NORTHANTS 


TELEPHONE : WELLINGBOROUGH 22/8 


3768 
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THE SNOW VERTICAL SURFACE GRINDERS are 


capable of continuous and heavy duty on almost all 
types of material. Hydraulic reciprocation of the 
worktable gives variable speeds up to 80 f.p.m. with 


& CO.,LTD 
shockless reverse. In design particular attention has Machine Tool Moke; 


STANLEY ST. 
SHEFFIELD 3 


been given to the maximum ease of control and 
minimum of maintenance. Range of sizes: 32 in by 


10 in. to 72 in. by 15 in. 


LONDON: 58 Victoria Street, S.W.1 %* BIRMINGHAM: Daimler House, Paradise Street 


When replying to advertisements please mention the Journal 
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LOS MNOS Moped steel © 


Here’s a background of real practical 
























experience, and a sure knowledge of 
the world’s finest tool steels, 
with an up to the minute 
service on your cutting tool 


requirements. 


MARSH 
crc 


HIGH SPEED TOOLS 


MARSH 
CARBON STEEL 
TOOLS 


cutting tools is maintained for 
ummediate deliver y 


Marsh Brothers & Co. Ltd. 


PONDS STEEL WORKS. P.O. BOX 82, SHEFFIELD, 1. | 
TELEPHONE : SHEFFIELD 20194 TELEGRAMS: “MARSH, SHEFFIELD” 








LONDON OFFICE: WARDROBE COURT AND CHAMBERS 
146a QUEEN VICTORIA ST., E.C.4. TELEPHONE: CITY 2363-4 








THE LIGHT 
CONVEYOR FOR 
HEAVY LOADS 


It is almost certain that some stage of pro- 
duction or packing of your product can be 
economised and speeded up by the installa- 
tion of one or other of the Teleflex 
Conveyor Systems. Either Cable or Chain 
type conveyors can be supplied soon after 
receipt of your order. Our _ Technical 
representative will be pleased to call upon 
you (entirely without obligation), and advise 
on the solution tosyour problem. Write for 
illustrated broch- 
ures:—Cable 
Conveyors ref: 


Con. | I. P. and F a. Ware, Z * ‘ae « ‘a 
Chain Conveyors . f ui ti ql i : 
ref: Con. 2 I. P. fie ad 5 







| j Above: 

Teleflex conveyors form 
an important aspect of 
the production system of 
Messrs. A. C. Delco— 
Division of General Motors 


i : \f att ie 











Left: 

Teleflex conveyors are 
important links in the pro- 
duction lines at the works 
of the Plessey Co. Ltd., 


llustrated is an example Ilford. 
of a Teleflex Conveyor 
which travels all round a Telephone: ILFORD 


Perticular factory. 


3117 


TELEFLEX PRODUCTS LTD - UPHALL RD. - ILFORD - ESSEX 
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STACATRUC - « capital investment 
4 
} 
a oy OVER-SIZE HYDRAULIC EASILY ACCESSIBLE COMPENSATED 
; ‘ TYRES PACK 14” CLUTCH STEER AXLE 
NEWCOMER to Britain’s best 
; materials-handling system, the 60 DH 
Diesel-powered 3-tonner provides an 
) “open-and-shut” case for using 
| Stacatrucs. Its ‘‘split-chassis’’ con- 
struction ensures remarkably easy 
access in under ten minutes to all 
transmission parts without stripping a 
single component. May we ask our 
local Sales Engineer to show you how 
i this Stacatruc can save you more 
} % 3 
money, time and hard labour than any 
f / = 
| ne other machine in its class ? 
I 
orm EEE 
of 
of i 
os 
are 
ro- 
rks 
td., 
RD Sold and serviced throughout the World by :— |.T.D. LTD., 95-99 LADBROKE GROVE, LONDON, W.I!. Phone PARk 8070 (7 lines) 


In association with Austin Crompton Parkinson Electric Vehicles Ltd 
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SURFACE GRINDING 


NO. | TABLE 6” x 18 
MACHINES NO. 2 TABLE 8” x 18 j 
pe a ey ae ey ee eee ‘ ) 
| Sole selling agents for Great Britain and | 


Ireland 


| ALFRED HERBERT, LTD., COVENTRY | ; 





























CENTRELESS 
GRINDING 
MACHINES | 
; 
ARTHUR SCRIVENER, So BIRMINGHAM, 24 
Telephone : ERDington 2274 Telegrams : ‘* Machintool ”’ 
AUTOMATIC 
RECONDITIONING SPECIALISTS 
Your own machines re-built alate | 
to original specification - a .., 
K\~y a ‘al 
THIS SPECIALISED SERVICE —{@ | aay | 
IS ALSO OFFERED ON - 
GD & | 
i 











May we visit your works and quote for re-conditioning your machine 
Managing Director, H. E. Slawson, M.B.E., M.I.Prod.E 


URNE ENGINEERING CO. LTD. 


ae ee Oe TELEPHONE 2 eewewmwRNE 232 
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Fractional horsepower motor applications 
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“ENGLISH ELECTRIC’ fractional horse-power motors are made in a range of 
standardised sizes and are available in single and 3-phase A.C. with split-phase 
or capacitor start — also D.C. types. The versatility and adaptability of these 


motors is increased by the alternative mountings and optional extra equipment 
which can be provided. 

For every industry where a fractional drive is required there is a suitable 
‘ENGLISH ELECTRIC’ motor. The illustration shows an application on a Mollart 
| Special Profiling Machine of standard flange-mounted motors. This is just one 
of the many diverse tasks which ‘ENGLISH ELECTRIC’ fractional h.p. motors are 
) j daily performing. 


For long reliable service — specify ‘ENGLISH ELECTRIC’ motors. 


| CENGLISH ELECTRIC 


f.h.p. electric motors 


FP ETI ib 











THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 
F.H.P. Motors Department, Bradford 


WORKS: STAFFORD - PRESTON - RUGBY BRADFORD - LIVERPOOL « ACCRINGTCN 
FHP.1SL3 
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CENTRELESS 
GRINDING 
MACHINES 


ARTHUR SCRIVENER, 


Telephone : ERDington 2274 


SURFACE GRINDING 


Ireland 
| ALFRED HERBERT, LTD., COVENTRY | 


NO. | TABLE 6” x 18 

MACHINES wo. 2 rasse 8° «16 

a ‘ 
Sole selling agents for Great Britain and 





LTD., BIRMINGHAM, 


Telegrams : ‘* Machintool ”’ 


24 
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AUTOMATIC 


RECONDITIONING SPECIALISTS 


Your own machines re-built 
to original specification 


THIS SPECIALISED SERVICE 
IS ALSO OFFERED ON 


D @ 


May we visit your works and quote for re-conditioning your machine 
Managing Director, H. E. Slawson, M.B.E., M.I.Prod.E 


URNE ENGINEERING CO. LTD. 


- MELBOURNE: 





TELEPHONE 


BROWN ¢ SHARPE 
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“ENGLISH ELECTRIC’ fractional horse-power motors are made in a range of 
standardised sizes and are available in single and 3-phase A.C. with split-phase 
or capacitor start — also D.C. types. The versatility and adaptability of these 


motors is increased by the alternative mountings and optional extra equipment 

which can be provided. 

For every industry where a fractional drive is required there is a suitable 

‘ENGLISH ELECTRIC’ motor. The illustration shows an application on a Mollart 

Special Profiling Machine of standard flange-mounted motors. This is just one 

of the many diverse tasks which ‘ENGLISH ELEcTRIC’ fractional h.p. motors are 
j daily performing. 


For long reliable service — specify ‘ENGLISH ELECTRIC’ motors. 


| “ENGLISH ELECTRIC 


f.h.p. electric motors 











THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 
F.H.P. Motors Department, Bradford 


WORKS: STAFFORD - PRESTON - RUGBY BRADFORD - LIVERPOOL - ACCRINGTCN 
FHP.1SL3 
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Do you require Machined Parts for your Products? 
If so come to a Firm who specialises in such work. 


HIGH CLASS CAPACITY AVAIL- 
ABLE FOR QUANTITY 
PRODUCTION IN ANY METAL 
+ 
Over 62,000 square feet of floor 
space at your service 
e 
High Precision Auto Work up to 


2} ‘dia. Bar - over 66 Single and 
Multi Spindle Machines available 


Centre Lathes, Capstan Lathes, 
Milling, Drilling & Thread Roll- 
ing, Plain, Internal & Surface 
Grinding - 350 Machines available 


e 
Heat..Treatment, Case Hardening, 
Rustproofing & Plating Capacity 

up to 8 tons of small parts 
per week 





ALL BACKED UP BY EXPERT 
A.I.D. APPROVED INSPECTION 


If you are in need of assistance from such a comprehensive Plant, telephone 
Northampton 3766-7-8 or better still, pay us a visit. You will be interested 
and impressed. 


HANWELL ENGINEERING COMPANY LIMITED 
COUNTESS ROAD - NORTHAMPTON 
ESTABLISHED 1925 — OLD ENOUGH TO BE EXPERIENCED — YOUNG ENOUGH TO BE MODERN 




























WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Ltp. 


IPSWICH 


Telegrams: Reavell, Ipswich 





Telephone Nos.: 2124-5 
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why pick on us? 


Because this vacuum cleaner fan motor housing 
really is the cat’s whiskers. It’s light 

(for the housewife’s sake), and strong 

(to protect the mechanism that goes inside). 
And we cast the whole complicated thing 

in one simple operation, by pressure 

die casting. Can you think of 

a better way of doing it? 


the whole in one 


BRITISH DIE CASTING AND ENGINEERING COMPANY LTD. 


pried tive 
e or Ae” yy 





EDWARD ROAD - NEW BARNET - HERTS. - TELEPHONE: BARNET 9211 

> <e ALSO AT WEST CHIRTON TRADING ESTATE - NORTH SHIELDS - NORTHUMBERLAND - NORTH SHIELDS 2100 

ca CRC 24 
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GROUND THREAD TAPS 
from stock 


Your safe standard tap for all the “‘fussy” jobs as 
well as the straightforward ones. All Harris Taps 
are precision ground from the solid to give you more 
accurate threaded holes, faster and at lower cost 


i 
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iRittacela minis 
springs than 


Springs by Riley 


ROBERT RILEY LTD. MILKSTONE SPRING WORKS, ROCHDALE. ’Phone: ROCHDALE 2237 (5 lines) "Grams: ‘RILOSPRING’ ROCHDALE 
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VERTI 


Twin 
Slide 
Vertical 
Chucking 
Lathes 










With twin, hydraulically-operated tool slides, 
powerful air chucking and simplicity of control, these 


machines are setting up good production times on 

EARLY DELIVERY starter rings at the Austin Motor Co. Ltd. 
Two machines are controlled by one operator. The 
first bores two rings at once to 9.141/9.144" dia. The 


second machines one ring only, turning the outside 
diameter to 10.441/10.446", spigot turns and chamfers. 


Production: one complete ring per minute. 


Vertimax Vertical Chucking Lathes, with their com- 
pact powerful design, mean saving in floor space and 
greatly increased production potential. Full details and 
production data on request. 





COVENTRY ROAD, SOUTH YARDLEY, BIRMINGHAM 


Also at LONDON, MANCHESTER, GLASGOW and NEWCASTLE-ON-TYNE 
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A typical profiling 





job on the Wadkin Heavy Dutv 
Router L.U 


The Institution of Production Engineers Journal 
Machining 
NON-FERROUS 


at High Speeds! 


Hundreds of production engineers have found that the 
fastest method of cutting, shaping, or profiling non-ferrous 
metals is by High Speed Routing. Working with inexpen- 
sive jigs and on the former pin principle using cutter 
speeds up to 24,000 r.p.m., Wadkin Routers have proved 
their ability to reduce production times on a wide range of 
jobs, from hours to minutes. Two distinct types are 
available : the Fixed Head as illustrated and the Radial 
Armtype. With our unrivalled experience and knowledge 
of routing non-ferrous metals we should be glad to advise 
on the application of these machines to your work. 








Cutting internal profile of windscreen frame on Wadkin 
Router L.S.M Guard swung open to show cutting 
action 





= 
Telephone a hh Telephone : 


Leicester 67114 MAYfair 7048-9 
Wadkin Ltd., Green Lane Works, Leicester. 
London Office : 62-64, Brook Street, W.1. 











Our new cata- 
logue will keep 
you up to date 
on the most re- 
cent advances 
in Pneumatic 
Control equip- 
ment. 
































TECHNICAL DATA FOR DESIGNERS & WORKS ENGINEERS 


Cylinders 


FOR PNEUMATIC CONTROL 


Cylinders are probably one of the most important 
units in any Pneumatic Control system, a fact which 
is emphasized in Lang Pneumatic design. Precision 
made piston rods, cylinders of heavy gauge solid 
drawn cupper tube, pressure tested gun-metal cylin- 
der covers, pre-stressed tie rods secured by anti-vib- 
ration nuts, specially designed piston assembly, 
giving perfect seal on cylinder walls, dual piston rod 
seals ensuring trouble free operaticn, quick assem- 
bly standard B.S.P. nuts and pipe connections. 


Quality, Service © Quick Delivery 


LANG P 


UMATIC . 


VICTORY WORKS, BIRMINGHAM RD, WOLVERHAMPTON 
Tel. 25221/2/3 
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Machining of End Frames on Special 
Purpose Equipment 





THE HOOVER F.H.P. Motor has won international recognition, in the 
industrial world, for its excellent quality and absolute dependability. 

Modern in design, every Hoover F.H.P. motor constructed today has the 
full wealth of technical and engineering experience of Hoover Limited 
behind it. 

Competitive in price the Hoover F.H.P. motor is supported by a world 
famous service plan. 

Hoover Limited also manufacture F.H.P. stator/rotor units which have 
applications in many modern industries. 


For the name and address of 
your nearest distributor write to : 


Hoover Limited 


INDUSTRIAL PRODUGTS DEPARTMENT 
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CAMBUSLANG - LANARKSHIRE - SCOTLAND 
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Storage Racking! 

Specialist advice and service can 
relieve busy executives of all their 
problems. Anything from a unit 
to a complete installation. 

Write for details. 


GASCOIGNE?’S 


KEE KLAMP 


(Registered Trade Mark) 
TUBULAR STRUCTURES 


THE GEO. H. GASCOIGNE CO. LTD. 
546 GASCOIGNE HOUSE, READING, BERKS 


Kee Klamps also make cycle racks—works benches—machinery guards, etc. 








“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more resistant 
to fatigue than bolts or studs 
made by the usual method. 





POSSILPARR GLASGOW 
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SYSTEM 


Requiring no floor space . . . providing 
a smooth flow of work through all manu- 
facturing processes, irrespective of floor 
levels . . . and making the maximum use 
of available labour . . . the FLOWLINK 
Universal Chain Conveyor System can be 
installed to meet any requirement. It has 
a high load carrying capacity and can give 
a vertical rise and fall, so that, not only 
does it form a perfect conveyor, but a 
valuable tool for use in such processes as 
dipping, painting and drying. Easily adap- 
table to any change in production plans, it 
is inexpensive to install, yet of precision 
construction. 


Other FISHOLOW products 
FLOWLINE Belt Conveyors 
FLOWCLINE Portable Conveyors 
FLOWSTACK Pallets 
FLOWSTOR Mobile Storage Equipment 
FLOWSCREEN Standard Partitioning 
FLOWDOOR Clothes Lockers 


See us at STAND !3/8 OUTDOOR B.I.F. Birmingham — MAY 3rd-MAY 14th 





ee LONDON OFFICE : 46, Baker St., London, W.1. 
Tel. WELBECK 5402. 


MATERIAL HANDLING DIVISION |joeadilie a eee 


MANCHESTER OFFICE: Clifton Lodge, Park 
CARDIFF OFFICE: 10, Dumfries Place, Cardiff. 

Tel. CARDIFF 29045. 
Bordesley Works, Birmingham, 12. Tel: VIC 237] Also at NEWCASTLE-ON-TYNE, BELFAST and DUBLIN 


Crescent, Victoria Park, Manchester 14. 
Tel RUSHOLME 6307. 
e 4 LIVERPOOL OFFICE : 604. Tower Building, Water 
GLASGOW OFFICE : I, Clifton St., Glasgow, C.2. 
When replying to advertisements please mention the Journal 
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APEGO 5c pie CASTER 
‘ironed out the production problems 





These sole plates are 
being produced by 
the BRITISH DIE- 
CASTING COM- 
PANY for MORPHY- 
RICHARDS LTD. 

The main illustra- 
tion is of the pro- 
duction of these 
castings completely 
carried out on the 
PECO 5c Die-Caster 







PECO machines have completely modernized the technique of Cold Chamber Pressure 
Die-Casting and with their unique feature, an electrical control, they are considerably in 
advance of other machines on the market. Four core-pulling connections, hydraulic ejec- 
tion cylinder and bumper bars for mechanical ejection are fully interlocked, permitting 
operation in any sequence. 

IMlustrated literature on the 2c and 10c Die-Casting Machines will be gladly sent on request. | 


THE PROJECTILE & ENGINEERING COMPANY LIMITED 


ACRE STREET, BATTERSEA, LONDON, S.W.8 Telephone: MACAULAY 1212 Telegrams: PROFECTUS CLAPROAD, LONDON Cables : PROFECTUS, LONDON 
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FOR HIGH-SPEED 
DRILLING 


PERMANENT 
CONCENTRICITY 


MINIMUM WEAR MARVEL ARCHER ARCHER 





KEYLESS DRILL CHUCK KEYLESS DRILL CHUCK 
ON WORKING PARTS Jaws and internal mechanism With tapered nose for small — har apo . — 
fully protected by hardened size drills. Perfectly balanced hand only while machine is running. 
external casing. Self-tightening for precision drilling. Positive drive to collet. Slipping is 
grip—cannot slip. Easy hand impossible. Designed for speed, high- 
release of drills. te ASK FOR LIST No. 5H/120 power feed and concentricity. 





ARCHER 
SMALL-TOOLS 


FRANK GUYLEE & SON Lr. arcuer toot works - MILLHOUSES - SHEFFIELD 8 
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FROM THE RANGE OF BRITISH BUILT MACHINE TOOLS 








GRIND SMALL QUANTITIES 


ECONOMICALLY 


” ON THE 


by 
|E- 


" Cincinnati 
=| | HRD 
‘ CENTRELESS GRINDER 


ter 





By grouping all parts requiring a particular type of 
set-up, frequent changes of equipment can be eliminated; 
FD similarly, grouping parts by diameter reduces time and 

effort since small diameter variations are speedily 
effected. Consideration of this type of grouping allows 
the operator to handle small quantities of a very wide 
range of parts economically. 


INDON 








A wide range of attach- 
ments aids production of 
large or small quantities; 
Sor example, hopper and 
magazine feeds reduce thi 
operator’s duties to a 
minimum. 










Send for Bulletins 
describing the 
Nos. 2 & 3 sizes 
of machines. Ask 
also, for the book- 
let “Principles of 
Centreless Grind- 
ing.” 





HUCK 
ith one 
oy 4 [ CINCINNATI MILLING MACHINES LIMITED - BIRMINGHAM 24 
. high- 
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INDUSTRIAL CLEANING MACHINES 
can be designed to meet your 


HERE ARE THREE particular cleaning problems 
EXAMPLES 





This illustration shows a machine A power driven conveycr system is Travs carrying the work are pushed 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning in this cleaning instaliation. 


. for ball bearings. 
small parts in baskets. 8 











Whilst offering a very wide variety of standard cleaning ensures maximum efficiency and economy of the plant 
equipment, it is BRATBY policy, wherever possible to in operation. The illustrations show but a few of the 
design the machine to meet the particular cleaning specific types of Cleaning Machines designed by 


problem. Careful study of each individual problem BRATBY for individual needs. 


Designed and Manufactured by BRATBY & HINCHLIFFE LTD - SANDFORD STREET - ANCOATS -: MANCHESTER 4 
SOLE AGENTS FOR GREAT BRITAIN 


GEO. H. HALES MACHINE TOOL CO. LTD. vicTOR HOUSE: | BAKER STREET - LONDON wW.| 











The “NEW MARTIN” Heavy Duty High Speed S.S. 
and S.C. Lathe. Type KM 180, and Type KM 200. 
7” and 8” height of centres. 30” to 80” between centres. 
Gap Bed. 12 Spindle Speeds 22 to 1000 r.p.m. 24 Longtitu- 
dinal & Cross Feeds. Quick Change Gear & Feed Box. 
Deep and heavy ribbed Bed assures greatest rigidity. 24 
Whitworth, 18 Metric and 13 module pitches can be cut. 
Extra gears for Diametral Pitches and fine Feeds. 


EXCEPTIONALLY LOW PRICES for robust and still 


SOLE AGENTS FOR THE UNITED KINGDOM 


extremely accurate lathes. Early delivery. * H LOUIS LUNGM U Ss Ss L T D ‘ 
nes 164, HIGH STREET, BORDESLEY, B’HAM, 12. ’Phone ViCtoria 0294 
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The symbol that means 


| CERTIFIED ZINC ALLOY DIE CASTINGS 


The British Standards Institution, in collaboration 
with the Zinc Alloy Die Casters Association, has 
introduced a certification scheme for zinc alloy die 
castings. Under this scheme, zinc alloy die casters 
may be licensed by the B.S.I. to use the Kite Mark 
¥ on their castings as a guarantee that they are 
produced under strict analytical control and subject 
to inspection by the B.S.I., and that they comply 
with British Standard 1004. 

Certified castings normally bear the Kite Mark ¥, 
“*B.S.1004” and the die caster’s name, trade mark, 
or B.S.I. licence number. To ensure complete 
satisfaction we recommend that, on all your orders, 
you should specify: ‘Certified zinc alloy die castings’. 


On April Ist 1954 the following members were 
licensed to operate the scheme : 

ADVANCED PRESSURE DIECASTING CO. LTD., 
BIRMINGHAM. 

ALLOY PRESSURE DIE PRODUCTS LTD., WILLENHALL 
ARMSTRONG’S PATENTS CO. LTD., BEVFRLEY. 


THE BIRMINGHAM ALUMINIUM CASTING (1903) CO. 
LTD., BIRMINGHAM. 


BRITISH DIE CASTING & ENGINEERING CO. LTD., 
NEW BARNET AND NORTH SHIELDS. 


BURDON & MILES LTD., ENFIELD HIGHWAY. 
DYSON & CO. ENFIELD (1919) LTD., ENFIELD. 
FRY’S DIECASTINGS LTD., LONDON, S.W.19. 
GILLS PRESSUPE CASTINGS, BIRMINGHAM. 


CHARLES HILI & CO. LTD. ‘Hills Precision Die Castings Lid.) 
BIRMINGHAM. 


JOHN IRELAND (WOLVERHAMPTON) LTD., 
WOLVERHAMPTON. 


KAYE ALLOY CASTINGS LTD., BIRMINGHAM. 
JOSEPH LUCAS (ELECTRICAL) LTD., BIRMINGHAM. 
METROPOLITAN PLASTICS LTD., LONDON, S.E.8. 
THE SHAW FOUNDRY CO., WILLENHALL. 
STREBOR DIECASTING CO. LTD., RADCLIFFE. 
T.A.L. DEVELOPMENTS LTD., LONDON, N.17. 
WESTERN DIECASTING LTD., BRISTOL. 


WOLVERHAMPTON DIE-CASTING CO. LTD., 
WOLVERHAMPTON. 


ZINC ALLOY DIE CASTERS ASSOCIATION 


LINCOLN HOUSE, TURL 


STREET, 


OXFORD 


When replying to advertisements please mention the Journal 
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Ransomes Forklifts incorporate many 
special features including smallest pos- 
sible turning radius consistent with 
highest safety factors, also silent worm- 
wheel drive, double lifting chains of 
exceptional strength — accessibility to all 
parts — grouped lubrication, etc. Write 

today for catalogues or a visit from 


ST 
«ik Ng our Mechanical Handling experts. 


J] Our range of Electric Trucks 
includes Forklift Trucks, 
Platform Trucks, Crane-trucks 


and Tractors. 


RANSOMES SIMS & JEFFERIES LTD., ORWELL WORKS, IPSWICH 


IPSWICH 2201 (6 Lines) 
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diceyiito —A MODERN 
MANUFACTURING SCIENCE 
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When a relatively low weight factor must go 
hand in hand with a high degree of strength and rigidity a 
decision as to the means by which a component is to be 
manufactured should be withheld until it has been ascertained 
whether it is practicable to make it as a pressing, and what 
would be the cost. 


Put simply, pressing is a manufacturing science 
by means of which steel sheets of comparatively modest 
thickness can be formed and shaped into component parts 
that will support what often appear to be, at first sight, 
loadings in excess of the physical characteristics of the material. 
The metal is manipulated in modern power presses by means 
of expertly contrived dies. A pressing is originated from a 
* design study’ which aims at a shape and arrangement which 
resolves the forces acting upon the component through its 
planes of maximum resistance. 


Our Works are equipped to produce cold 
pressings using steel sheet up to },;" thickness, ard hot 
pressings using material up to }” thickness. It is part of 
our service to undertake ‘design study’ on behalf of any 
Company interested in pressings so that the actual 
design of a part may from the beginning closely con- 
form to the design requirements of the manufacturing 
process. One, or a short series of pressing operations, 
depending upon the design, may be necessary in order 
to produce a particular part. 





This pressing illustrates simply, albeit effectively, the 
rinciple that is applied in this process of manufacture. 
tis the end wall of a rail container. In its basic form the 

sheet of metal with which each end is formed would be 

insufficiently rigid, but certain contours are introduced by 
pressing and these impart to the sheet of metal the required 
degree of rigidity and strength. The press used for this 
pressing is believed to be the largest of its kind in Europe. 
Members up to 30 ft. long can be cold pressed. 


Please address enquiries to: 
poror, 


mm. JOHN THOMPSON 
mien): MOTOR PRESSINGS LIMITED 


* WOLVERHAMPTON 
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ANTIFCORROSIVES 


SPECIALISTS IN INTERMEDIATE METAL FINISHING 


Manufacturers of 


STRIPALENE For the removal of paints, carbon, and 
(Ree) contaminating deposits. 


FERROCLENE - A _ most effective rust and scale remover 
Regd. a hl 
(“ee supplied in different grades for ferrous metals, 
including stainless steel. 


ALOCLENE Acidic cleaner for removing oxide films from 
Regd. i : " 
(“e*) aluminium components prior to spot welding. 


FERROMEDE _ For de-watering and protection of metal 
(Reed) parts during processing or storage. 


There are various grades of each of the above products available to meet all 
technical requirements and comply with Government specifications. 


SUNBEAM ANTI-CORROSIVES 
LIMITED 


CENTRAL WORKS, CENTRAL AVENUE 
WEST MOLESEY, SURREY 


Telephone : - MOLESEY 4484 (5 lines) 
Telegrams : SUNANTICOR, EAST MOLESEY 
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SPECIALISTS IN SS NIN G 









If maintenance is giving you a headache 
and costs are getting high ask Berridge 
for advice. We will visit your works 
and discuss reconditioning for most 
types of machine tools. 



















with reversible centre lead 
screw 


Two ranges of spindle speeds: 


Range Back Gear Open Belt 
A 66 106 183 480 752 1300 
B 99 159 275 720 1128 1950 


#in. collect capacity 


Threads with standard Changewheels, 
4-60 T.P.1. 


Feeds with standard Changewheels, 
Surfacing 0.0075in. down to 0.0005in. 
Sliding 0.015in. down to 0.0010in. 


e@ Illustrated literature available 
from: 


24-25 MANCHESTER SQUARE, LONDON, W.!. 


Telephone: WELBECK 7941 (PBX) Cables: SMARTOOL: WESDO- LONDON 
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rate of production 


minimum cost 














Note the massively pro- 
portioned, bridge type casting 
which carries the upper lap and 
driving mechanism. This 
feature eliminates the possibilit) 
of distortion. 


SPECIFICATION 
T 4 t N EWA L L ] LA bp Capacity for flat work 24in. thick X Sin. square 
R I G D as .. cylindrical work 24in. dia. X Sin. long 
flat work with oversize laps 24in. thick X 7in. square 
* e 7 Capacity for cylindrical work with oversize 
universal lapping machine labs 24. dia. Tin, lone 
Standard abrasive laps 24in. o.d. X 14in. i.d. 


. . P , Max. dia. of workholder using max. throw 28}in 
This high speed machine tool produces a uniform high 


Total throw of workholder ljin. 
° ‘ " - Workholder driving bushes for flat work 3 
quality finish, up to the standards associated with hand ; ‘ 
Standard speed of lower lap (looking at 
1 ‘ b high ‘a - 4 di face of lap—clockwise) 117 & 78 r.p.m. 
APPAng, Sut at High procuction rates. According Standard speed of upper lap 100 r.p.m. 
‘ . s or hs 3 
to size, dozens of pieces can be lapped simultaneously and to H.P. of upper lap motor 3 HP. 
Speed of upper lap motor 1440 r.p.m. 
such a high degree of accuracy that selective assembly is H.P. of lower lap motor 4 HP. 
Speed of lower lap motor (2 speeds) 1440 & 960 r.p.m. 
virtually eliminated, and production time cut. H.P. of hydraulic pump 1 HP. 


All enquiries to NEWALL GROUP SALES LTD. PETERBOROUGH- Phone Peterborough 3227/8/9 


SCOTTISH AGENTS: DRUMMOND-ASQUITH LTD 175 WEST GEORGE STREET GLASGOW C.2 
P3105 


When replying to advertisements please mention the Journal 
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iT PAYS TO SPECIFY 


M°KEGHNIE 


MANGANESE BRONZE 
ALUMINIUM BRONZE 
and H.T. BRASS 
RODS and SECTIONS 





A wide range of these alloys is available in both ROD and 
SECTION form. (For parts suchas those illustrated here, MKB 
Manganese Bronze rod is ideal.) 

With yield point of up to 30 tons per square inch and tensile 
strength of up to 50 tons per square inch, these alloys are in 
great demand for engineering work where great strength and 
resistance to corrosion are essential. All are machinable and 
can be hot stamped and forged. 

Today more and more manufacturers are relying on McKechnie 
Metal Technique to help solve their production problems. For 
further information, please write 


M°KEGHNIE 


BROTHERS LIMITED 
14 Berkeley St., London, W.| 
Telephone : MAYfair 6182/3/4 


Metal Works: Rotton Park St., Birmingham, 16. 

Other Factories: Widnes, London, South Africa, New Zealand 

Branch Offices: London, Leeds, Manchester, 
Newcastle-on-Tyne, Gloucester, Paris 
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Productivity 
Teams” 
unanimously report 





Automatic Press 
Feeds 
are essential 


Humphris range of Universal Roll Feeds are 
accurate—flexible in function and application— 
offering immediate high productivity with low 
Operating costs. Write for details of 
models to fit any make of 
press and covering stock 


widths up to 18”. 


HUMPHRIS 


manufacturers of modern versatile press shop equipment 


ROAD, POOLE, DORSET 
TELEGRAMS: HUMPSONS 


HUMPHRIS & SONS LTD., 
TELEPHONE: 1088 


WEST QUAY 


* Reports by the British and American Pressed Metal 
Industry Teams published by the British Productivity 
Council, 21, Tothill Street, London, S.W.1 


WE INvITE you to visit our Stand D760 in the 


be pleased to demonstrate a representative Ki 


Engineering Section where our engineers will 


selection from our range of power presses, *“"" Un 
automatic feeds, powered stock straighteners, CASTLE GRENIER 
BIRMINGHAM 


and coil handling equipment. 


SEE OUR EXHIBIT 
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« Thet’s job ruined ond Saitinatt Grete “ This is the third broken milling cutter this week.” “ This is the Clarkson man who claims that he can solve 
it slipped in the collet.” “When | worked in London | remember a fellow from our milling problems. 
Clarkson with @ chuck thet cured these troubles, and did “If he can solve the problem of how to stop cutters 
he push up the speeds and feeds !” breaking | shall be more than pleased.” 





“ This is the “ Autolock” chuck, it holds the cutter, centres “ Will you let us try it en your ewn machine ; | have some “ Autoleck” certainly does the job. On those speeds and 
it and grips it so thet it cannet slip or drop end ruin the * Autolock’ cutters and you can see the chuck in operation feeds | should have broken all the cutters in the stores by 
ork.” on your own job.” now.” 


w - 
“| must sey thet’s ingenious end os any engineer can see 
it’s @ precision job.” 


A U T O L Oo Cc K MILLING CHUCKS & CUTTERS 


— MEAN MORE PRODUCTION IN FEWER HOURS ! 


Perhaps we should apologise for introducing strip cartoons to a serious engineering journal 

where there is little room for fairy stories or sent mental pictures. Cartoons of this type do often 

seem too good to be true and you may consider this one equally impossible. It is, however, 
drawn from a true case which occurred recently in South West England. 





POST THE COUPON AND GET THE FACTS 


Please come in and demonstrate 


Llarks IL] {J AYTOLOCK ot . 


| 
C400 ALES LA | 
NUNEATON, WARWICKSHIRE Tel, :;Nuneaton 2261 7 : 
| 

| 





LONDON: 124 Hammersmith Road, W.6. 
Tel. : Riverside 6645-1815 CONVENIENT 
MANCHESTER: 98 Oxford Road 13 NAME DATES 
Tel.: Ardwick 4804-5 706 
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snares Sn Quel FORK TRUCKS LTD 


depc h hou 
epots throughout LIVERPOOL RD. WARRINGTON 
the British Isles ~~ 
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--- but it takes far less time to dry 


wth GAS INFRA-RED | « 





| MA 

, tea 

In factories all over Britain | spe 

GAS INFRA-RED is speeding up processes I it 
and cutting production costs. Here is a Wo! 
typical example—3 minutes to dry domestic ren 
tinware instead of 30. This result is achieved eng 
by 28 Gas Infra-Red panel units, working in info 
conjunction with a floor mounted conveyor sucs 





and electrostatic spraying plant. 

Whatever you make in metal — domestic 
tinware or motor-cycle frames—a Parkinson 
and Cowan GAS INFRA-RED installation 
will speed production. 


PARKINSON AND COWAN INDUSTRIAL PRODUCTS 


(A DIVISION OF PARKINSON AND COWAN LIMITED) 
DEPT. 12, COTTAGE LANE WORKS, CITY ROAD, LONDON, E.C.1 PHONE: CLERKENWELL 1766/7 /M 
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All have their part to play in raising 
the nation’s productivity. THE 
| MACHINIST’S place on the productivity 
team is assured by virtue of the very 
| special service of information which 

















it offers week by week to the metal- 
working industry—information on cur- This service is yours for the cost of a sub- 
rent developments in techniques, in scription fee—65s. for a year, 130s. for three 
engineering design, in management— years. THE MACHINIST is published in Lon- 
information which is the keystone to don every week by a firm with more than 
success ina fiercely competitive world. fifty years experience in first-class technical 
journalism. 
THE 





A BRITISH McGRAW-HILL PUBLICATION 


Mc GRAW-HILL HOUSE, 95 FARRINGDON STREET,LONDON.,E.C.4. 
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4 Useful lines from the 


SUDS PUMP 


Electrically operated suds pump and 
tank. Supplied complete with flex- 
ible hose to customer's specification. 
Capacity four or 

a eight gallons. 


THIS IS THE PUMP 
FOR EVERY MACHINE 








CAM ACTION VICE 


This RAPID vice is invaluable for all 
classes of work holding. Right or 
left hand operation. Available with 
hard, soft, plain or serrated jaws. 
Width of jaws 4in. 
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Range! 


CHUCK 
GUARD 


Offers ample access 
to Chuck and drill, 
perfect visibility. An 








allows 
essential safety device to fit a 
wide range of drilling machines. 

















W. J. MEDDIN 





GS LIMITED 


Sales Offices and Showrooms : 





BERKELEY STREET, LONDON, W.1 


Telephone : MAYfair 6417 


TREPANNING TOOL 


Revolutionary in cutter design, suitable 
for cutting holes and discs in metal, 
wood, castings, etc., supplied complete 
and ready for use with jin., $in., No. 2 
M.T. or Bit stock shanks. THE TOOL 
BIT IS OF HIGH SPEED STEEL, FORM 
GROUND. 
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Do Your Bending on the spot 


The great advantage of using the 
STAFFA Motorised Hydraulic Bender 
is that you can take it right up to your 
work on the site because no fixing what- 
ever is required. You need no filling, 
no heat and, when your tube is at the 
correct angle of bend, it is automatically 
ejected from the former. 


This robust bender, motorised or worked 
by hand, will bend steam and gas tubes 
from 3” to 4” nominal bore, electrical 
conduits from 3” to 2” and flat bars up 
to 7” by ?’. 

To bend tubes of other sizes right up to 
12” nominal bore, there’s a whole range 
of STAFFA Benders at your service. 


The Motorised Bender for handling steam and 
gas tubes from =” to 2” bore is also available. 


Write for full details to: 


CHAMBERLAIN INDUSTRIES LTD 
STAFFA WORKS, STAFFA ROAD, LEYTON, LONDON, E.10 


Telephone : LEYtonstone 3678 
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] . 
/ l he lif 
_ Save money and prolong the life 
Y 
Z 
/ f hi l 
| of your machine tools 
Y 
YU 
) 
] 
y The reconditioning and overhaul of machine and the experience we have accumulated. 
j tools is work that calls tor the utmost We believe this reconditioning business to 
] care and skill, for the ‘‘know how”’ that be vitally important. We know that you, 
y comes of long experience, for the facilities being practical engineers, do not need to be 
] to tackle the job. We have been doing reminded of the necessity of maintaining 
] this work for many years and would be de- machines capable of first-class production. 
7 lighted with the opportunity of putting at We think, therefore, that you’ll be interested 
7 your disposal the facilities we have available in what we are doing. 
j 
GZ 
| | 
| Di for i 
| id you know, for instance ...... 
Y 
WY 
Y 
Y 
y 
Y a ‘ ; 
Y .. . that reconditioning makes the machine as new and that the costs incurred are very much 
% : 
j less than that of a new machine ? 
] ... that normally, for tax purposes, reconditioning costs are an allowable expense 
7 against profits ? 
) ae 
j . that delivery is quick ? 
] ... that we will tackle any type of machine ? 
] . that all our work is guaranteed for six months ? 
] . . that the customer is invited to test the reconditioning in our Works before accepting 
] delivery of the machine ? 
% 
| 7 Zao 7 
] Z Write today for a copy of eZ ° 
| A this tally : B Manuf 
_ A this fully illustrated folder ren Manutacturing 
) y Z7 which gives full information Z 
j Z about the Bren Reconditioning Z © L * 2 q 
a Service. ompany Limife 
GY +4 
Y * 
: Y eerzases KINGSWAY, TEAM VALLEY 
; Z LZ ’ 
Y 


GATESHEAD-ON-TYNE, 11 
Telephone: Low Fell 75071. 


QQ 
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Please complete and pin this coupon to your letterheading 


AQ y)5ywyp“i i i Wi 


when writing for information. 





The Bren Manufacturing Co. Ltd., 
precision engineers and makers of the 
BRENCO range of spanners which 
are marketed by our Hand Tool Di- 
vision Sales Managers, Macrome Ltd. ‘si 


YY c&cccccccccccccccccccccccceccececoecaaactassesuspssscccccccccccceccccc tid ttt 


Address 


QQ, 


When replying to advertisements please mention the Journal 
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FOR TIME RECORDS AND COST CONTROL 








The Gledhill-Brook Company was 
intimately concerned with the 
earliest problems associated with 
the design and production of time 
recording machines. The first effi- 
cient electric-impulse recorders 
with accurate timekeeping inde- 
pendant of electric frequency or 
external influence were produced 
by Gledhill-Brook. 

One of industry’s urgent needs is 
the reduction of waste—especially 














THE J.M.C. MODEL 


SPECIALLY DESIGNED FOR 
SMALL STAFFS 


This isa recent GLEDHILL-BROOK product. It records 
attendance times IN and OUT and job process times 
ON and OFF. It prints on the face of the card and 
requires the card to 
be headed on one 
side only. Fitted 
with patent Gledhill- 
Brook electrical 
movement, or with 
mechanical move- 


GLEDHILL - BROOK 


the waste of time which costs money. That is where we are 
concerned and qualified to help. Our wide range of time- 
recording models covers most needs for the control of 
wages and labour. 


ment if so desired. 
STEEL CASE 
CELLULOSE FINISH 
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GLEDHILL-BROOK TIME RECORDERS LIMITE 


20, EMPIRE WORKS HUDDERSFIELD 
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LATHES 
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SWIFT LATHES are buile as both Centre Lathes and 
Surfacing and Boring Lathes, and range from 17 in. 
swing to 72 in. swing, with any length desired between 
centres 






Vilas 
Gummershill 


—_—____—_ 





SWIFT-SUMMERSKILL PLANING MACHINES are built 
from 2 ft. Oin. square up to 6ft. Oin. square, of any length of 
table up to 40 ft. Oin., of both Double Column and Openside 
types, with either all Electric or reversing Two Belt Drive. 
Special All Electric Feed Motion. 


GEO. SWIPT & SON LD, 


CLAREMONT WORKS ¢ HALIFAX - ENGLAND 
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VANISHED WITHOUT TRACE... 














4] ; THE MYSTERY OF THE MARIE CELESTE 


The Sea has countless mysteries to its credit, but one of the most baffling was perhaps the fate 

of the crew of the Marie Celeste. Found in a calm sea during the afternoon of December Sth, 
7 1872, the ship was mid-way between the Azores and the coast of Portugal. When Captain 
Morehouse, commander of the brig Dei Gratia sailing out of Nova Scotia overhauled her, she 
appeared perfectly normal. Her sails were set and filling to a light northerly breeze and 
Captain Morehouse recognised her as the ship which he had seen loading in New York, and which 
had left three days before him. He had had a drink or two with her Master, an old acquaintance of 
his named Briggs, so it was only natural that he should sail close, and hail the Marie Celeste. Captain 
Morehouse was surprised at receiving no acknowledgement and fearing something was wrong, 
sent his Mate Oliver Deveau to investigate. There was no sign of the crew, no sign of violence and 
the barrels of alcohoi in the hold were untouched. Only a hatch was out of place, upside down and 
a half drawn cutlass w:th a few drops of blood lay beside it. The galley was in perfect order, a harmo- 
nium in the cabin had been played recently and the log had been made up to November 23rd. Seamen's 


chests were untouched and everything appeared neat and tidy 





certainly showing no evidence of bad weather. In spite of many theories. 
it remains to this day one of the world’s great unsolved mysteries. 





REMOVES GREASE WITHOUT TRACE 


' 

, Where Collex is used for degreasing it can be said solve it. There are many grades from which to choose, 
é truthfully that here also, all deposits ‘vanish without and one of our Technical Representatives will visit vou 
; trace. Our Laboratories will study any problem and upon receipt of a letter, or a telephone call to 
F prescribe the correct grade of Collex degreasant to Liberty 1021. 

nl 

E B. H. CHEMICALS LTD. (10 






MERTON ABBEY LABORATORIES, ABBEY RD., LONDON, S.W.19 Telephone: LiBerty 1021 (4 lines) 





os Je 





Associated Companies: Colloidal Detergents of Australia Ltd., Sydney, Australia. Chemical Services (Pty.) Ltd., Johannesburg, South Africa 
And at Copenhagen, Amsterdam, Brussels, Paris, Lille, Lyon and Ober-Winterthur, Switzerland 





When replying to advertisements please mention the Journal 
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If the Managing Director looks 
at these he will see more than 
meets the eye ™ 




















Two views of a cable bridge in 18/8 stainless steel 


DERITEND INVESTMENT CASTINGS 
free the designer from many of 
the restrictions imposed by the 
materials he wants to use and the 
limitations or costs of the older 
methods of production. The cast- 
ings illustrated are in ferrous 
alloys and are examples from re- 
cent jobs which called for special 
characteristics not obtainable at 
reasonable cost by any other 


method. If you have a similar 





problem bothering you we would 

Tr» lever welcome the opportunity ofseeing 
pte eo the drawing, or better still, the 
prototype —so that we can quote 
for the job. Intricate design or 
obdurate metal (or both) it’s all 


one to us. 





Component for shoe stapling machine 
in Nitriding steel 


Deritenad investment castings 


castings with a difference 


MADE BY DERITEND PRECISION CASTINGS LIMITED 
BAYS MEADOW WORKS DROITWICH SPA WORCS. 
TBW 52a 
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Freddy File is 





} 
an important member 
of the bench; 
he’s Chairman in fact 


and all the other 





tools respect him. 

If there’s an importan 
incision to make 

he always does it 

and woebetide anyone) 


who crosses his path. 


if it's a good file 


it's a 


BEDFORD 


JOHN BEDFORD & SONS LTD., LION WORKS, SHEFFIELD 
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A heavy-duty lathe designed for 


Ci ON, TIN U OUS PR Obl C TV / ON for long periods 


with the power and speeds necessary for use with 


a 









modern carbide cutting tools 


a4 


z centre lathe 





















The WM 8}” Lathe sets a new standard of pre- 

cision output, faster production and simplicity 10 HP 
of operation within its price range. Its smooth, MOTOR 
vibrationless performance at high speeds; its 

robust construction; and the accessible dis- SPEEDS 
position of controls will commend themselves 21-945r.p.m 
to the discriminating production engineer. 
















These booklets show that W & M designers have produced in the W M 85 
and 70 Junior ideal lathes for production and general machine shop 
service. Copies of these booklets will be forwarded free on request. 


WOODHOUSE €- MITCHELL 


PROPRIETORS: THOS. Ww. WARD LTS) 


WAKEFIELD ROAD - BRIGHOUSE - YORKS 


PHONE: BRIGHOUSE 627 (3 LINES) - GRAMS: ‘WOODHOUSE, BRIGHOUSE’ 





When replying to advertisements please mention the Journal WM 14 
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Permagic 
away 


production 
worries 





Adaptor Plates . . . 


The grinding of small and thin compo- 

nents presents many production engineers 

with holding problems, which can be 

solved by using “‘ Eclipse ” Adaptor plates, 

designed in special sizes for use in con- 

junction with “ Eclipse” permanent magnet 

chucks. Other accessories to magnet chucking 

are the “ Eclipse” Chuck Blocks and “ Eclipse” 
Demagnetiser. 


Ask for Publication P.M.128/52 on Adaptor Plates and 
Chuck Blocks and Publication P.M.127/52 on the Demagnetiser. 








Magnetic devices designed 
to accelerate production 


JAMES NEILL & CO. (SHEFFIELD) LTD., ENGLAND, 





PM7 
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| MICRO-SWITCHES | 
Y 

Industry’s Automatic Choice y 

] y, 

UY 

COMMA yy eC OCUl0?”™00™0™”™ — 





THE NEW WICKMAN 
I"6-SPINDLE AUTOMATIC... 


This recent addition to the famous Wickman range of 
Automatics employs three Burgess Micro-Switches. One 
energises a solenoid which trips the feed when the feed 
safety clutch disengages as a result of overload. The 
other two disengage the bar feed clutch when any spindle 
runs out of bar stock. All three Micro-Switches are our 
robust metalclad type, reference MK. 3BR-MS, provided 


with conduit entry. 


Burgess Micro - Switches 
provide the reliable and 
accurate answer to so 
many automatic switch- 
ing problems, as Wickman 
Ltd. have discovered. If 
you have such a problem, 
why not consult our en- 
gineers? Catalogue No. 
50/15 contains details of 
our standard range. 





BURGESS PRODUCTS COMPANY LTD 


Micro-Switch Division 


DUKES WAY, TEAM VALLEY, GATESHEAD II 
Telephone ; Low Fell 75322 (3 lines) 


Eee 
© 
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Y 
FOR ALL KINDS OF 
7, 
>) 
y SPEGIAL PURPOSE MACHINES 
ae 
Our commitments are heavy but we welcome an 
opportunity to study your requirements for 
inclusion in our production programme where 
possible. 
of Up-to-date shops specially laid out and equipped 
— for making, on a production basis, every type of 
ed precision ground gauges; limit snap, form, calliper, 
‘he taper and special purpose gauge, as well as jigs and 
dle fixtures of all kinds, press tools moulds and special 
yur | purpose machines. Highest class workmanship 
led | and accuracy guaranteed. 
Guaranteed 
me | Precision 
Accuracy 
LTD ee eM CB ae sabe : 
| G.P.A. TOOLS & GAUGES 
HARPER ROAD : WYTHENSHAWE ‘ MANCHESTER 
ee Phone:- WYTHENSHAWE 2215 ’Grams:- PNEUTOOLS, PHONE 
© When replying to advertisements please mention the Journal 








Flexello 


about castors 


= : 
f We make every conceivable 
) type of castor. Among them 
there must be one just right 

for your job. For special 
requirements we shall 
be glad to 
quote. 





FLE XELLO CASTORS & WHEELS LIMITED 


Trading Estate, Slough, Bucks. 


Telephone: Slough 24121 (8 lines) 
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VULCASCOT ANTI-VIBRATION PADS 


OIL RESISTING 





8 


@ CHECK VIBRATION SHOCK 
AND NOISE 


@ COMBAT NERVOUS STRAIN 
@ ARE EASY TO INSTALL 
@ SAVE MAINTENANCE TIME 


AND CO 
@ ISOLATE Loans, ” TO 
4 TONS PER SQ. 
@ ELIMINATE ania 
FLOOR FIXINGS 









Standard Size 
18 x 18x §”% 


Manufactured by: 


VULCASCOT (Great Britain) LTD. 


87-89, ABBEY ROAD, LONDON, N.W.8. 





PHONE: MAIDA VALE 7374 & 7375. "GRAMS: VULCASCOT MAIDA VALE LONDON 

















remind you... 


of the maximum ductility, 


perfect finish, high 


degree of accuracy and 
consistent quality of 
KIRKSTALL Bright Steel Bars. 


CARBON AND ALLOY ALSO 
FULLY HEAT TREATED TO 
ENGINEERING SPECIFICATIONS 





KIRKSTALL 


bright s 





KIRKSTALL FORGE ENGINEERING LTD. LEEDS 5 
Tel: 


teel bars 





Horsforth 2821 












The Cub 
Electric Drill 
assembly is repro- 
duced by courtesy 
of Wolf Electric 

Tools Ltd. 






CASTINGS ore 10 smo 
« SPARKLETS 


We have specialised in die-casting zinc, 
aluminium, tin and lead alloys for over 50 
years. The more complicated the job, the 
better we like it. We guarantee personal 
supervision at every stage, courteous 
service, and above all careful and precise 
workmanship 


Write for advice and quotations to:— 


‘SPARKLETS LTD. DEPT. DV. QUEEN ST., TOTTENHAM, N.1I7 
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Photograph by permission of 
Ruston & Hornsby Ltd., Lincoln 







‘What have you 





in stock?’ 


The answer is that nearly 50,000 Stag Major Superweld Tools are obtainable from stock. 
You have only to send in your order, specifying shape number and size (a chart of the 
most popular sizes, shape numbers and sections is readily obtainable) and the tools will 
be despatched at once. 

(Carriage Paid) 








= I 
| To Edgar Allen & Co., Ltd., Sheffield, 9 


| 

@ SOLID ENDS OF STAG MAJOR SUPER-HIGH SPEED STEEL | Please post “ Stag Major Superweld | 

@ MADE IN A BRAND NEW FACTORY WITH EVERY MODERN FACILITY | Tool” Booklet and chart to:— | 
' Name 

@ DESIGNED AND HEAT-TREATED BY EXPERTS, AND ABOVE ALL READY i 

FOR USE THE MOMENT THEY ARE UNPACKED : WII i 

@ NO FORGING—NO HARDENING—NO GRINDING , Aeros - 

oh ee IPE | 

Write for chart and booklet, using coupon Ls. ces cw ed nn 


EDGAR ALLEN & CO. LIMPPED. 
IMPERIAL STEEL WORKS :~ SHEFFIELD.9 


TELEPHONE: SHEFFIELD 41054. TELEGRAMS: ALLEN, SHEFFIELD 9 
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Spring Quiz 
No. 2 





"mane 





This is an induced resonant 
vibration, depending upon the 
Natural Frequency which causes 
a coil to deflect to a greater extent than allowed for, 
with a consequent increase in Stress. 
We make good-tempered springs! 


25 Kaloliffe 


THE SPRING SPECIALIST 


REGISTERED (S) TRADE MARK 


Phone: Rochdale 4692/3 Grams: Recoil, Rochdale 
CRAWFORD SPRING WORKS ~- ROCHDALE ~ LANCS 
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A Spectacular Time-Saver 


in FRICTION SAWING! 





The result of over twenty years 
experience in the design of 
friction sawing machines, the 
‘HYSPEED?’ is unsurpassed for 
cutting Sheet Steels and Plate, 
and such hard steels as Stainless 
and Machine Tool Steels. It 
is also ideal for dressing 
NIMONIC and Stainless Steel 
Castings. Two models are 
available with running speeds 
fixed at 10,000 ft. per min. and 
16,000 ft. per min. Publication 
M.2. free on request, contains 
full details, 



















col Brief Specification: Saw 
Wheels 36 in. by 2 in. 
Centre of Table to col- 
umn 34 in, Table 48 in. 
by 36 in. Max, depth of 
cut under Guide 24 in. 
Height of Table 40 in. 





= 











HYSPEED 


BANDSAW MACHINE 


London & Export Office: 
44/45 Tower Hill. E.C.3 
Phone: ROYa! 1461/4 Grams: Morimil Fen, London 























Have you a cleaning problem ? | 
| 
LET OUR EXPERTS HELP YOU! 


open lstees : 


D.P. CLEANING AND DEGREASING 
COMPOUNDS 





D.P. EMULSION CONCENTRATE 


PHOSMELYTE AO cleaner & rust-pro- 
tective for steel sheets and assemblies 


CHALCO DERUSTING POWDER 


CHALCO STRIPPA for removing paint 
and enamel from all metals 


DESPO (SALES) LTD. 


Metal Finishing Plant . Materials . Chemicals 
30 PANCRAS ROAD, LONDON, N.W.1 





Telegrams : Telephone : | 
FINISHING, PHONE, LONDON TERminus 2108/9 | 




















HAVE YOU HAD YOUR COPY ? 
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DEMANDS A MAN ON THE SPOT 


You can’t give the service industry demands and requires 
at the end of a telephone. It requires a man-on-the 
-spot; the help and experience of somebody who is pre- 
pared to visit you at short notice. For this reason we 
have restricted the area of our operations as works 
representatives for Granor Lathes, Rushworth sheet We supply and service Mitchell 
metal working machinery and Mitchell Lathes to high speed lathes for tool room 
within 30 miles of Birmingham. Ours is a specialist Z 

service and there is no doubt that Midland iadustrialists y 
appreciate it. Yy May we send you detai!s? 


and production use. 


¥% Our technical repre- 
sentatives will be glad 
to render you -all the 
help and_ assistance 
possible. Your’ en- 
quiries will receive 
immediate attention. 








AS BIGHARDSONE SONS 








y 
4 
ESTABLISHED 1887 L70 L_ 9 
COMMERCIAL ST-BIRMINGHAM-1- WBA «i 


tan 





LAPOINTL vn cnoseniue 


HORIZONTAL RANGE 
2 to 75 tons PULL 

30” to 72” STROKE 

BRITISH MADE 

EARLY DELIVERY 

White por Bullelin PF 1298 
H.P. 30 HORIZONTAL LAPOINTE 
15 TONS PULL 52” STROKE 
WITH BROACH SUPPORT TROUGH 


He SEE fuewre advertisements TMM MN Mao 


for other types of OTTERSPOOL - WATFORD-BY-PASS - WATFORD - HERTS TELEPHONE: GADEBROOK 3711 (4 LINES) 
Machines RIRMIP AM FFICE WHITE Te) 619: 111 NEW STREET, BIRMINGHAA TELEPHONE A AN 4 
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* Onheatable $n repetition wak 


Quicker and cheaper than air or screw operation—one simple pull or push 








of handle gives instant rigid grip or 3" opening to facilitate easy and 


speedy insertion and removal of the component. 





Thrust taken by rigid fixed jaw—Handie adjust- 
* Max. Capacity 2" 


able for right or left hand or vertical 








@ Jaw size 34% 1 fy deep operation. 
@ Price £12. 15. 0. ex. stock 
sé 99 
Soft cast steel jig drilled jaw blanks ACVOKE VICE 
always in stock to save you time and money QUICK-CRIP 
an & 6 i 2 3 8 SHELVOXKE LIinmtivrtre os ‘ BIRMINGHAM . 6 
7°56 
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(“closed circuit cooling package unit”) 
for use where there is no constant water supply, but in 


is almost universal. Thanks to its compact design (notice 
the lack of e aye gs ot eit an cooling system, it is readily 


of a factory or store-room, in 


Senet service under all con- 
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